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SUMMARY
In acu te  studies guar flour, guar powder and guar granules reduced 
m ean post prandial insulin levels in normal subjects following liquid 
glucose. The flour and powder also reduced mean plasm a GIP levels 
com pared to glucose alone. Guar granules had no effec t on the mean 
plasm a glucose, insulin or GIP responses of either normal or non insulin 
dependent diabetic (NIDDM) subjects to a solid mixed meal but guar 
powder reduced mean post prandial plasm a glucose, insulin|and GIP levels 
in both groups. Guar flour was not investigated.
The mean glycosylated haemoglobin level of seven NIDDM subjects 
taking 25g guar powder in bread daily for eight weeks was reduced afte r 
four weeks. Mean to ta l serum cholesterol levels were also reduced whilst 
subjects w ere following the regim en but on term ination returned to p retria l 
levels. In addition, the response to a meal im m ediately before and a fte r 
supplem entation was sim ilar indicating guar powder has no carry  over 
e ffec t.
Guar flour prevented the hypoglycaem ia caused in two of six subjects 
by consumption of a drink containing alcohol and sucrose and a high 
carbohydrate snack. However it  also caused higher blood alcohol levels and 
they appeared m ore in toxicated  for five hours a fte r the meal.
When guar gum was given with a fa t load it did not a ffe c t 
chylom icronaem ia implying it is unlikely to impair bile sa lt reabsorption as 
has been suggested. Guar flour incorporation into a predom inantly protein  
m eal did not a ffec t the ra te  of liquid or solid gastric  emptying in
11  -
normal subjects but significantly increased mean post prandial gastrin 
secretion . This may be due to the significant reduction in mean post 
prandial GIP levels also seen or to the buffering capacity  of guar flour.
None of the subjects enjoyed guar containing foods and it was 
d ifficu lt to prepare acceptab le  products. Therefore until a b e tte r  
form ulation is available guar gum is of lim ited use in d iabetic m anagem ent.
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CHAPTER ONE
G eneral Introduction
-  2 -
Although descriptions of the symptoms of D iabetes Mellitus date  
back to 1500 BC in Egypt, it was only 100 years ago th a t it was recognised 
th a t the disease appeared in a t least two forms: one form mainly a ffected  
obese adults and the o ther, younger people who were usually thin a t the 
tim e of diagnosis.
The need for a standard classification of diabetes was realised in 
1978 when the  National D iabetes D ata Group brought together a working 
party  to rationalise the classification of idiopathic diabetes mellitus (West, 
1979). This classification is presented in Table 1.1 and will be used 
throughout this tex t.
In the United Kingdom approxim ately one percent of the population 
are  diagnosed as diabetic (600,000). By far the m ajority (70%) are  NIDDM 
(B.D.A. 1980). While IDDM and NIDDM appear to be two d istinct clinical 
en tities the  concept of genetic and environm ental in teraction  in the ir 
causation is equally applicable. The susceptibility to IDDM is inherited and 
this may also be the case for NIDDM, but whether or not diabetes develops 
appears to depend on the in teraction  of hereditary and environm ental 
influences (Zimmit, 1983). In IDDM the inherited facto rs  a re  HLA linked 
and one of the environm ental fac to rs  is thought to be viral infections. 
NIDDM shows no HLA association although the  inherited elem ent is strong 
(Pyke, 1979). The environm ental fac to rs im plicated include age, sex, 
obesity, lack of exercise and diet.
The advent of insulin therapy m eant th a t diabetes was no longer a 
life-th reaten ing  disease and long te rm  survivial of children and young 
adults with IDDM is now the norm (Ross e t al. 1983). As a result, the 
problems of micro vascular disease, th a t is retinopathy and nephropathy as
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TABLE 1.1
Idiopathic d iabetes m ellitus (DM)
1. Insulin-dependent type (IDDM).
2. Not insulin dependent type (NIDDM).
(a) Non obese NIDDM,
(i) Insulin trea ted  for hyperglycaem ia;
(ii) Not insulin trea ted ;
(b) Obese NIDDM,
(i) Insulin trea ted  for hyperglycaemia;
(ii) Not insulin trea ted . -
Adapted from West (1979)
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well as the sequelae of m acrovaseular disease (myocardial infarction, 
cerebral in farction and the loss of limbs due to gangrene) have assumed 
prim ary im portance in clinical managem ent and means of preventing them  
should be a m a tte r of priority.
COMPLICATIONS OF DIABETES 
M icrovascular disease
The geographical variations in the prevalence of m icrovascular 
disease amongst diabetics are  sm all and the com plications are  associated 
more with the duration of diabetes (B.D.A. 1982) and therefore, by 
im plication to the  length and degree of exposure to hyperglycaem ia. Thus 
i t  would appear prudent to  make one of the aims of d iabetic m anagem ent 
m aintenance of blood glucose levels within the normal range. R ecent 
a tten tion  has, however, been drawn to the short-term  risks of meticulous 
control of blood glucose, particularly  th a t of hypoglycaemic 
encephalopathy (Ross e t 1983). Such a problem is not, however, 
pertinen t to NIDDM subjects m aintained on drug therapy and/or diet, only 
to IDDM subjects. For the NIDDM subject, m aintenance of blood glucose 
levels within the normal range, achieved without the danger of frequent 
hypoglycaemic a ttack s  is advocated to help prevent or delay the  vascular 
com plications of d iabetes (Knowles 1964 and Siperstein e t  1977).
M acrovaseular disease
A rteriosclerosis is a general term  used to describe the degeneration 
of the a rte ries  resulting in thickening and hardening of the a rte r ia l wall. 
A therosclerosis, one type of arteriosclerosis underlies most coronary a rte ry  
disease (CAD) and coronary h ea rt disease (CHD). It is characterised  by 
accum ulation of lipid (prim arily cholesterol) in the vessel walls and has 
been described as the g rea tes t killer of civilised man (Le Com pte, 1955).
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Diabetes has a m ajor im pact on the prevalence of CAD. The 
reported prevalence of CAD in d iabetic patien ts ranges from 9.5-56% while 
prevalences of 1.6-4.1% are given for the general population (Fein and 
Scheuer, 1983). In con trast to m icrovascular disease the geographical 
variation in the prevalence of CAD is marked (Greenwood and Taylor, 
1968, and Brunner e t al. 1964). Although genetic influences, either 
p ro tective or detrim ental may be partially  responsible they fail to explain 
why Japanese d iabetics who m igrate to  Hawaii develop the sam e risk of 
dying from heart disease as Caucasians in Hawaii (Kawate e t 1979). 
Thus it seem s likely th a t some environm ental fac to r plays a part in the 
aetiology of CAD and changes in d ie tary  habits have been im plicated 
(Thomas, 1979).
One of the major d ifferences in the management of diabetics in 
countries with a low prevalence of CAD is the composition of the diet. It 
may provide up to  80% of the  energy as carbohydrate. This higher 
percentage, com pared with the  40% typical of w esternised diabetic diets, 
means th a t the percentage energy derived from fa t is considerably low er. 
The lower fa t intake may be of significance in rela tion  to serum  
cholesterol levels, since the serum cholesterol level of w esternised 
individuals tends to be much higher than those of non-w esternised 
populations. Evidence to support this comes from O’Dea e t (1982) who 
have shown th a t  A ustralian aborigines living in rural conditions have 
significantly  lower serum cholesterol levels than those living in urban 
surroundings.
Influence of serum lipid levels on m acrovaseular disease
One of the m ajor risk facto rs  for subsequent developm ent of CAD is 
an elevated serum cholesterol level (Kannel et al. 1976). The argum ent in 
favour of a d irec t causal relationship between raised serum  cholesterol
- 6 -
levels and atherosc lero tic  lesions is based on the finding th a t a large 
proportion of th e  fa tty  m ateria l of th e  lesion is cholesterol (Davidson e t 
1979) and tha t disorders resem bling human atherosclerosis can be produced 
in many anim al species by dietary  manipulations which raise the serum 
cholesterol level (Moore and Williams, 1964). In addition, epidemiological 
studies have shown sym ptom atic atherosclerosis to be rare  where the mean 
concentration of serum cholesterol is less than 4.1 mmol/L, even when 
predisposing facto rs such as diabetes, c ig are tte  smoking and hypertension 
are present (Taylor and B etteridge, 1979).
By virtue of its w ater insolubility cholesterol is carried  in the blood 
from its site  of production to sites of removal, or a lte ra tion , by 
lipoproteins. These are form ed in the gut and liver. There a re  four major 
lipoproteins, classified according to th e ir density; chylomicrons, VLDL, 
LDL and HDL.
HDL cholesterol concentration  has been widely accepted as being 
inversely correlated  to the risk of acquiring CHD (Barr e t  1951; Nikkila 
1953; Castelli et 1977 and Miller e t al. 1977). Miller and Miller (1975) 
have suggested th a t  HDL fac ilita te s  the  uptake of cholesterol from 
peripheral tissues and its  transport to the liver for catabolism  and 
excretion. The anti-atherogenic e ffec t of HD!_ may also be connected with 
its ability to inhibit the uptake of cholesterol rich LDL by a rte ria l smooth 
muscle cells (Carew e t  1976). Since LQ_ cholesterol levels have been 
found to predict the risk of acquiring CHD more strongly than to ta l serum 
cholesterol levels (Walton and Williamson, 1968) the ra tio  LDL/HDL may 
well be a more useful index for CHD risk than to ta l serum cholesterol 
levels alone.
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E ffec t of diet on circulating cholesterol levels
Total and fractional serum  cholesterol levels can be affected  by 
dietary  m anipulation. Keys e t W. (1965) showed th a t a reduced intake of 
to ta l or sa tu ra ted  dietary  fa t reduced to ta l and LDL serum  cholesterol 
levels. It does not necessarily  follow th a t a reduction in serum cholesterol 
level will reduce the risk of CHD as emphasized by intervention studies 
(Leren, 1966; Medical R esearch Council, 1965 andl968). However, several 
primary prevention tria ls  lend support to the theory th a t a reduced fa t 
intake may lead to a reduction in morbidity (Dayton e t W. 1968; Rinzler 
1968 and M iettinen e t al. 1972).
Serum cholesterol levels are usually elevated in diabetics (Saudek and 
Young, 1981) and non-human prim ates and ra ts  made diabetic also have 
hypercholesterolaem ia. These findings would imply th a t d ietary  
manipulation should aim to reduce serum  cholesterol levels in the diabetic 
population as well as to achieve glucose hom eostasis.
D iet in diabetes
to :-
Diet is the basis of m anagem ent in both IDDM and NIDDM. It aims
1) M aintain the general condition of the patien t by providing
adequate am ounts of all essential nu trien ts.
2) Achieve and/or m aintain ideal body weight.
3) Maintain plasm a glucose levels within the normal range.
4) Prevent or re ta rd  the developm ent of vascular changes and
re la ted  com plications.
In IDDM the main concern is to prevent hypoglycaemia and 
ketoacidosis but in both IDDM and NIDDM the contribution th a t dietary 
m odification can make to the prevention and re tardation  of vascular 
changes is Increasingly appreciated .
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In 1971 the USA C om m ittee on Food and N utrition published the ir 
report on th e  Principles of N utrition and D ietary Recom mendations for 
patien ts w ith diabetes (A.D.A. Special R eport, 1971). They ten ta tively  
questioned th e  long held concept concerning carbohydrate restric tion  and 
suggested a reduction in d ie tary  fa t intake. The follow up report (A.D.A. 
Special R eport, 1979) was more specific. It suggested an increased 
consumption of foods containing unrefined carbohydrate and fibre a t the 
expense of foods high in refined carbohydrate and low in fibre.
Other countries have also published, or are producing, guidelines 
encouraging an increased consumption of foods containing unrefined 
carbohydrate (Canada, Germany, Finland, Germany, Japan, Switzerland) 
(B.D.A. personal com munication).
The N utrition Sub-Com m ittee of the British D iabetic A ssociation’s 
M edical Advisory C om m ittee have reconsidered dietary policy as it re la te s  
to  the d iabetic (B.D.A. 1982). They too have favoured the liberalisation of 
carbohydrate in take with th e  proviso th a t it be complex carbohydrate. 
They stressed the im portance of a high fibre intake.
The studies on which these recom m endations are based date back to 
1935 when Himsworth showed th a t in normal man glucose to lerance can be 
improved by increasing the  proportion of energy derived from 
carbohydrate, but th a t the mechanism capable of stim ulating the 
u tilisation of carbohydrate cannot ex ert its  action in the absence of an 
adequate supply of insulin (Himsworth, 1935).
Confirm ation comes from la te r studies. Treated diabetics showed a 
decrease in fasting blood glucose when given a diet providing 85% of the 
energy as carbohydrate (Brunzell e t W. 1971) but when untreated  diabetics 
were switched from 45% to 85% carbohydrate they exhibited increased 
glycosuria (Brunzell e t al. 1974). Likewise, Weinsier e t  W. (1974) achieved 
control in 16 out of 18 NIDDM subjects, by giving a diet providing 60% 
energy as carbohydrate. The two patients whose symptoms were 
uncontrolled were described as severe diabetics.
More recen tly  it  has been shown th a t newly diagnosed diabetics can 
achieve reduction in serum cholesterol levels in addition to glucose 
hom eostasis when following a 56% com pared to a 40% carbohydrate diet 
(Hockaday et al. 1978). More impressive results have been achieved when 
both the carbohydrate and fibre content have been increased. Kiehm e t  al. 
(1976) were able to discontinue insulin or oral hypoglycaemic therapy in 10 
of 13 hyperglycaem ic men by giving a diet providing 75% of the energy as 
carbohydrate and approxim ately th ree  tim es as much dietary  fibre as the 
conventional American diabetic diet.
These d iets differ from  conventional diabetic diets in several ways as 
the type and proportion of carbohydrate, fa t and fibre w ere all modified. 
The success of the diets has generally been a ttribu ted  to the ir high fibre 
content bu t little  work has been done on the e ffec t of modifying only the 
fibre content of the d iabetic diet.
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D ietary Fibre
Epidemiological and experim ental observations have a ttribu ted  
several major disease s ta te s  to th e  low fibre content of foods consumed in 
w estern societies (Eastwood 1969; B urkitt 1971 and Trowell 1975). These 
disorders include coronary h ea rt disease, diabetes m ellitus, d iverticular 
disease, carcinom a of the colon, appendicitis, gall bladder disease and 
dental caries.
Kellogg (1923) was amongst the firs t to show an in terest in whole or 
unrefined foods and re la te  the ir intake to health. In 1929 M cCance and 
Lawrence used the te rm  unavailable carbohydrate to define all the 
polysaccharides not hydrolysed by the  in testinal secretions of man. This 
included pectic  substances, hem icelluloses, cellulose and some storage 
polysaccharides such as inulin. It also encompassed the non carbohydrate 
lignin and so, in order to avoid confusion, in 1953 Hipsley suggested the 
te rm  dietary fibre which was redefined by Trowell (1972) to include 
indigestible plant cell wall m ateria l.
Biologically plant fibres can be divided into three groups; structu ra l 
fibres which compose the  plant cell walls (cellulose, lignin, hem icellulose 
and pectin), gums and mucilages which have precise roles, such as injury 
repair and storage polysaccharides which provide an energy store (Anderson 
and Chen 1979). They are thought to e ffe c t physiological changes in the 
g astro -in testina l tra c t,  prim arily because of th e ir physiochem ical 
properties (Table 1.2). The fibre conten t of foods is due prim arily to th a t 
found in the original plant but som e fibres may be used in sm all am ounts as 
additives to improve and stab ilise  food products. The daily d ie tary  fibre 
in take in Britain is variable but sm all. Bingham e t (1979) assessed the 
average intake of a small population in Cambridgeshire to be 20g/day.
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TABLE 1.2
Action of D ietary  Fibre in the G astro-in testinal Tract
Physiochem ical properties Type of fibre Suggested modifying action
Gel form ation Pectin gastric  emptying
Gums (guar) m outh/caecum  tran s it tim e
small in testinal absorption
W ater holding capacity Polysaccharides m outh/caecum  tran sit tim e
Lignin faecal weight
intralum inal pressure
Bile acid adsorption Lignin cholesterol turnover
Pectin faecal steroids
Adapted from Cas par y e t  ai. (1980)
- 12 -
D ietary fibre is closely associated with sources of carbohydrate and 
there fo re  it is likely th a t diabetics, prescribed a low (40%) carbohydrate 
diet will have a low die tary  fibre intake. Thomas (1982) in her study of 292 
British diabetics and 141 age and sex m atched controls found, however, 
th a t IDDM subjects consumed more fibre than controls. Much of the 
d ifference was due to the  diabetics higher bread consumption. When 
expressed in relation to to ta l energy consumption NIDDM subjects had a 
g rea te r fibre intake than th e ir controls, but, since they consumed less 
energy th e ir to ta l fibre intake was sim ilar.
Not only the quantity but the type of fibre consumed may be im portant in 
determ ining its e ffec t upon blood glucose and cholesterol levels. Various 
sources of d ietary fibre have already been investigated. Monnier e t al. 
(1981) found th a t pectin  and cellulose phosphate, but not cellulose, reduced 
peak post prandial plasma glucose levels in patien ts with chem ical diabetes 
given a liquid glucose load. Munoz e t al. (1979) confirm ed th a t the source 
of fibre is im portan t by giving healthy  subjects 26g/day of hard red spring 
w heat bran (HRS), so ft w hite w heat (SWW), corn bran (CB), soy hulls (SH), 
freeze  dried apple powder (AP) and ca rro t powder (CP) for 30 days. 
Although SH, AP and CP provided less fibre than e ither HRS or SWW, they 
caused an improved response to a 75g oral glucose load, as did CB. The 
two ineffective wheat brans were sim ilar in composition but differed 
m arkedly from the  other sources of fibre. More evidence th a t the type of 
fib re  is at least as im portant as the quantity  used was supplied by Tredger 
e t  (1981) who showed th a t in norm al subjects sugar beet pulp equivalent 
to 19g fibre had no e ffec t on the post prandial plasma glucose response to a 
solid mixed m eal providing 85g carbohydrate.
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D iabetes m ellitus has been defined as a fibre deficiency disorder 
(Trowell, 1972). Jenkins e t  al. (1978a) therefo re  a ttem pted  to  define the  
type of d ietary  fibre or fibre analogue with the g rea test potential use in 
diabetic trea tm en t. In normal volunteers a fte r a 50g liquid GTT with and 
w ithout the addition of one of several substances equivalent to 12g fibre 
they found the g rea tes t fla tten ing  of the post prandial plasma glucose 
curve was seen with the addition of guar gum but this e ffec t was abolished 
when hydrolysed non-viscous guar gum was used. Since the reduction in the 
mean peak rise  in blood glucose concentration for each substance 
correlated  positively with its  viscosity they concluded th a t viscous types of 
d ie tary  fibre, particu larly  guar gum, are most likely to be therapeutically  
useful in modifying post prandial hyperglycaem ia.
They had previously reported th a t hydrolysed guar gum was 
ine ffective  in normal subjects in reducing post prandial glucose and insulin 
levels following a liquid GTT (Jenkins e t 1977a), but la te r  concluded 
th a t the viscosity of guar gum within the gastro in testinal tra c t was 
probably the most im portant fac to r in fla tten ing  glucose to lerance and thus 
its  viscosity when ingested was im m aterial, provided it was taken with 
suffic ien t fluid to allow hydration within the stomach (Wolever e t al. 
1978b).
The earlier work investigating the e ffec t on post prandial glycaem ia 
of addition of guar gum to a solid mixed m eal given to normal (Jenkins e t 
al. 1977b), NIDDM (Gassull e t al, 1976) and IDDM subjects (Jenkins e t  
1976a) also incorporated lOg pectin , another viscous fibre, and thus resu lts  
cannot be a ttribu ted  entirely  to  the presence of guar gum.
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Guar gum, pectin , gum tragacan th , m ethyl cellulose, w heat bran and 
cholestyram ine however, when added to a 50g oral glucose load in 
quantities equivalent to 12g fibre each significantly decreased plasm a 
glucose concentration a t one or m ore investigation points during the first 
two hours a fte r the meal (Wolever e t 1978a). Guar gum was the most 
effective and since it  appeared effective  a t a relatively low concentration, 
thus making it  easier to consume, i t  w arrants further atten tion .
Guar gum
Guar gum is derived from  the seed of the nitrogen fixing legume 
C YAM OPS IS TETRAGONGLGBA. The seed comes from  a robust e rec t 
plant 3-10 fee t high which bears clusters of thick fleshy pods betw een two 
and four inches long, each containing five to 12 seeds. The plant is 
probably indigenous to India and Pakistan where the seeds are eaten  by 
c a ttle  and humans (Goldstein e t  d .  1973). The plant was introduced as a 
cover crop to the United S ta tes of Am erica in 1903. It was only produced 
on a com m ercial scale during World War II when its potential as a source of 
galactom annan gum was realised. Prior to this the carob seed, from which 
locust bean gum is derived was used as a source of gum for the  paper, 
tex tile  and food industries (Urquidi, 1978). During the war the USA 
supplies of carob seed from the m editerranean were cu t off and thus, 
finding th a t the endosperm of home grown guar contained approxim ately 
50% usable form  of galactom annan was opportune.
Guar gum is a galactom m an of molecular weight approxim ately 
220,000. It consists of linear chains of (l-4)-3~D  mannopyranosyl units 
w ith a-D -galactopyranosyl units a ttached  by (1-6) linkages. The ra tio  of 
D -galactose to D-mannose is 1:2 with single D galactopyranosyl unit side
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chains attached  to every o ther D-mannopyranosyl unit (Figure 1.1).
Guar gum is used in the paper, mining, explosive, pharm aceutical, 
tobacco, tex tile  and oil industries. In the  food industry it ac ts  as a binder 
of free w ater in sauces and salad dressings, a stabiliser and binder in cream  
and frozen desserts, and a binder and lubricant in sausages. It improves the 
yield of curds in soft cheese and its w ater holding capacity  serves to 
increase the yield of dough and baked products (Goldstein e t  1973).
Guar gum was initially studied for ' therapeutic  use as a 
hypocholesterolem ic agent (Fahrenbach ^  al. 1965) and as a bulking agent 
in the trea tm en t of obesity. When mixed with w ater i t  rem ains as a fluid, 
colloidal m ateria l, unlike m ethyl cellulose, the commonly used bulking 
agent which under the sam e conditions tends to aggregate into 
conglom erates with resu ltan t loss of fluidity and the possibility of causing 
in testinal obstruction. In addition, i_n vitro it expands more than 
m ethylcellulose when mixed with sim ulated gastric  juice, making it more 
likely to  cause sa tie ty . However, both substances have been shown to be 
equally ineffective in reducing th e  food intake of obese subjects (Evans and 
Miller, 1975).
L ater, Leeds e t W. (1975) showed, in normal subjects, th a t addition of 
guar gum to a liquid mixed m eal caused a flattening of the post prandial 
glycaem ic curve and also prevented the fall in blood glucose level to below 
fasting seen 120 m inutes a f te r  the  guar gum free  meal. Thus, the 
im portance of guar gum in helping to achieve glycaem ic control in 
diabetics could be hypothesized.
- 16
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O ther workers have achieved beneficial results adding guar gum, 
alone to a solid te s t m eal given to diabetic (Goulder e t  al. 1978) and/or to  
normal (Wahlqvist et al. 1979) subjects. These beneficial results have, 
however, been disputed by Williams e t  al. (1980) who found th a t 
supplem entation of a breakfast w ith lOg guar gum had no e ffe c t on post 
prandial glycaem ia when given to NIDDM.
The e ffec t in d iabetics of supplem enting m eals with guar gum for a 
week or more is also controversial. Jenkins e t (1976b and 1977c) 
achieved positive resu lts based on reduced urinary glucose excretion and 
reduction in insulin dosage (Jenkins e t al. 1978b) but others (Cohen e t  W. 
1980; Botha e t al. 1981 and Carroll e t al. 1981) found no im provem ent in 
diabetic control a fte r  periods of up to  th ree  months.
Although the mechanism of action of guar gum has not been 
elucidated th e re  are  tw o hypotheses; th a t it delays gastric emptying, 
and/or delays the absorption of glucose from the small in testine (Jenkins e t 
1978a). These m echanisms would depend upon the form in which, and 
tim e of the meal, th a t guar gum was given and could help to explain the 
conflicting results.
It is well established th a t liquids leave the stomach fas te r than solids 
(A lvarez, 1948 and Thomas, 1957). Therefore it is reasonable to assume 
th a t guar gum, which will solidify a liquid m eal may delay the ra te  of liquid 
gastric  emptying. F urther studies are  required to clarify  the 
circum stances in which guar gum reduces post prandial glycaem ia and its 
mode of action. It has already been confirm ed (Leeds e t  1978) using 
b rea th  hydrogen studies as described by Bond and L evitt (1977) and the 
excretion pa tte rn  of xylose (C ochet e t  1978 and Jenkins e t 1978a)
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th a t guar gum does not cause carbohydrate malabsorption and thus this can 
be discounted as a possible mode of action.
The e ffec t of guar gum on serum cholesterol levels is more widely 
accepted than its e ffec t on blood glucose levels.
A fter three weeks ra ts  fed diets containing sucrose, cholesterol and 
guar gum had lower fasting serum  cholesterol and liver cholesterol values 
than ra ts  fed a guar gum free diet (Lin and Anderson, 1978). Results in 
humans have been equally encouraging. D iets containing guar gum have 
been found to reduce serum cholesterol levels, in particu lar the LDL 
fraction , in normal volunteers (Fahrenbach e t  1965; Jenkins e t  W. 1975 
and 1976c) patien ts w ith hypercholesterolem ia (Jenkins e t al. 1976d; 1977d; 
1979a and 1980a) and diabetics (Botha e t  1981 and Kyllastinen e t al. 
1981).
Although reduced absorption has been discounted as a mechanism for 
reducing blood glucose levels it  has been suggested th a t guar gum lowers 
serum cholesterol levels by sequestering intralum inal bile salts, thus 
increasing the ir faecal loss and stim ulating cholesterol m etabolism  in order 
to replace them  (Jenkins, 1978). The loss of bile salts could reduce d ie tary  
fa t absorption since they are  required for m icelle form ation and fu rther 
studies are required to verify th is.
If guar gum does improve d iabetic control and also reduce serum 
cholesterol levels its  the rapeu tic  value to  diabetics both short and long 
te rm  is enormous. The general public, diabetics and general p ractitioners  
have already been advised of its po tential benefits (Gillie, 1977; Editorial, 
1978 and Tredger, 1978) but the feasibility  of its use needs to be 
investigated  fu rther.
" 19  -
P ractica l problems of the use of guar gum
A therapeu tic  agent can only be of benefit if patients find the 
planned regimen accep tab le . As previously reported the usual d ietary  fibre 
in take of the British population is low and problems in consuming guar gum 
have already been encountered (Dewar e t al. 1979 and Wahlqvist e t al. 
1979). There is no evidence th a t guar gum has to be incorporated into food 
but its bulk excludes adm inistration in tab le t form.
Guar gum has been incorporated into bread and soup (Wolever e t  al. 
1979a) and fru it juice (Jenkins e t 1976b). Apling e t (1977) have 
produced guidelines for the  preparation of guar bread (8g guar gum/lOOg 
bread) which they devised because bread is a common food which can be 
ea ten  at any m eal. Such a useful vehicle could be used in fu ture studies on 
the  e ffec t of long term  guar gum dietary  supplem entation in diabetics but
if possible, o ther a lternatives should be made available and more work is 
needed to produce a range of accep tab le  guar gum containing foods.
If this proves d ifficult then the mechanism of action of guar gum 
should be fu rther explored so th a t a more palatable alternative  can be 
sought.
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Aims
Guar gum has received considerable a tten tion  in the medical and 
nutritional fields because many workers have claimed it  can contribute to  
the m anagem ent of hyperglycaem ia and hypercholesterolaem ia. Conflicting 
resu lts have been published however, and in the  light of these, fu rther 
studies using guar gum were needed to confirm  its therapeutic  e ffec t and 
elucidate its mechanisms of action.
The aims of this study were therefore to provide insight in the 
following areas:-
1. A cceptability  of guar gum
Any clinical benefit to  be gained by guar gum consumption can 
only be m aintained on a long te rm  basis if guar gum can be given in a 
form  accep tab le  to the patien ts . Studies were carried  out to 
ascertain  w hether am ounts of guar gum, suffic ien t to provide a 
physiological e ffe c t could be disguised in a variety  of baked goods. 
The ability of diabetic patien ts  to  distinguish between d ifferen t 
concentrations of guar gum in a food was also assessed.
2. E ffectiveness of various form ulations of guar gum in acu te  feeding 
trials
Guar gum form ulations have been developed by a number of 
companies in an a ttem p t to improve its  palatability  w ithout adversely 
a ffec ting  its suggested therapeu tic  action.
The ability of th ree  form ulations to modify post prandial blood 
glucose levels following a liquid glucose load was assessed and 
compared to th e ir hydration properties as m easured by viscosity 
developm ent.
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Much of the discrepancy between published results is probably 
due to failure to d iffe ren tia te  clearly between liquid and solid te s t  
meals. The form ulations were therefore also given to normal and 
NIDDM subjects in conjunction with a solid mixed meal and the ir 
e ffe c t on post prandial plasm a glucose, insulin and GIP levels 
measured.
3. Effectiveness of guar gum supplem entation in NIDDM in the long 
term
It has been claim ed th a t guar gum can only be effec tiv e  in 
modifying the blood glucose profile in diabetics and reducing serum  
cholesterol levels if i t  is consumed regularly for a long period, A 
tria l was the re fo re  carried  out to see what e ffec t daily guar gum 
supplem entation of NIDDM subjects for eight weeks would have on:-
(a) Fasting plasm a glucose, insulin and GIP levels and glycosylated 
haemoglobin.
(b) Fasting serum  trig lyceride and cholesterol levels.
(c) Twenty-four hour urinary glucose concentration im m ediately 
prior to  in itia tion  and term ination of supplem entation.
d) Plasm a glucose, insulin and GIP response to a solid mixed 
m eal prior to in itia tion  and im m ediately a f te r  term ination  of 
the supplem entation period. The subjects were assessed a t two 
weekly in tervals with the intention of withdrawing or reducing 
hypoglycaemic therapy should the ir m etabolic im provem ent 
justify  it.
4. The e ffec t of guar gum on alcohol absorption and hypoqlycaemia
It has been reported th a t guar gum can 'smooth' the post 
prandial blood glucose curve, reducing hypoglycaemia as well as 
hyperglycaem ia. It has also been suggested th a t it  reduces the ra te
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of nutrient absorption. Guar gum was, therefore, incorporated into a 
snack and consumed a t lunchtim e with an alcoholic beverage and 
sucrose containing 'm ixer' to establish its e ffec t on the ra te  of 
absorption of alcohol, the  developm ent of intoxication and of 
reac tive  hypoglycaem ia which often follows the ingestion of alcohol 
and readily assim ilable carbohydrate.
5. E ffect of guar gum on fa t absorption
In order to  provide indirect evidence on the e ffe c t of guar gum 
on m icelle form ation, the ra te  of absorption of an oral fa t load given 
w ith and w ithout guar gum was assessed by measuring the serum light 
sca tte ring  index and post prandial serum triglyceride levels.
6. E ffect of guar gum on gut hormone secretion
It has been suggested th a t guar gum delays gastric  emptying 
and increases mouth to caecum  tran s it tim es. In order to ascertain  
w hether these e ffec ts  w ere associated with altered  patterns of 
g astro -in testina l hormone secretion , a prim arily protein  meal was 
given with and w ithout the addition of guar gum and plasm a post 
prandial, m otilin, gastrin  and GIP levels compared.
7. E ffect of guar gum on gastric  emptying
The ra te  of solid and liquid gastric emptying when 5g guar gum 
was incorporated into the solid p art of a prim arily protein  meal was 
compared to the ra te  of emptying of the sam e m eal ea ten  w ithout 
guar gum.
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CHAPTER TWO
M aterials and Methods
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2.1 Guar gum preparations
Guar flour - guar flour was a non brand product kindly donated by 
Norgine Ltd.
Guar powder - guar powder was prepared from guar flour by 
Speywood Laboratories, using a spray drying process.
Guar granules - guar granules were prepared and provided by Norgine 
Ltd. The composition of the coated granules was 80% w/w guar gum 5% 
w/w liquid paraffin  and 15% w/w paraffin  wax. They were mildly 
pepperm int flavoured.
Guar gum bread - bread containing guar gum was provided in the 
form of a bread mix by The Boots Company Ltd. It was produced and 
packed in the consum er products developm ent section. One mix was 
su ffic ien t to make tw o loaves and required the addition of 1130ml w ater. 
The yeast was packed separately  and mixed with 200ml warm w ater and 
2tsp. sugar 15 minutes before addition to the bread mix. Each bread mix 
was prepared individually to ensure, as near as possible, even distribution 
of guar gum betw een loaves. They w ere prepared in the kitchens of the 
Hotel C atering and Tourism M anagement departm ent of the University of 
Surrey, Guildford. A fter baking, th e  loaves w ere stored frozen, prior to 
use by the patien ts. Each loaf provided 860 kcal, 180g carbohydrate and 
50g guar gum.
Guar and qellation inhibitor - a form ulation was kindly donated by the 
Wellcome Foundation Ltd. It contained guar gum and a gelatin hydrolysate
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in the ra tio  1:2, sodium glycinate 1% w/w and artific ia l mango flavouring. 
In an alkaline medium the gelatin hydrolysate acted  as a g ell a ti on inhibitor 
but its e ffec t was reversed by pH change in the stom ach, allowing gellation 
of guar gum to occur.
The form ulation was a powder, and was packed into sachets which 
each provided 6g guar gum.
2.2 Subjects
Those taking part in the tasting  sessions were IDDM and NIDDM 
patien ts attending the diabetic clinic a t  St. Luke's Hospital, Guildford, 
Surrey.
The long term  guar gum supplem entation tria l involved NIDDM 
patien ts attending the diabetic clinic a t Frim ley Park Hospital, Frimiey, 
Surrey. Further details are provided in C hapter 5.
Normal subjects were volunteers from the  University of Surrey and 
s ta ff  of St. Luke's Hospital.
All those partic ipating  were given a full description of the study and 
told w hat the ir contribution would involve. It was made clear to them  th a t 
they could decline to take p art or w ithdraw from the study a t any tim e. 
The inform ed consent of the patien t's  consultant and general p ractitioner 
w ere obtained before any d iabetic  was approached and the informed 
consent of all volunteers was also obtained.
Each study was approved by the appropriate Ethical C om m ittee.
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2.3 Blood sampling
2.3.1. Blood sampling during te s t meals
Subjects fasted  for 12 hours prior to each te s t meal unless otherw ise 
s ta ted . D iabetic patien ts took th e ir oral m edication as usual on the 
morning of each te s t.
A cannula was inserted into their antecubital vein and kept paten t 
with 0.12M sodium c itra te . Two basal venous blood samples were taken 
and sampling continued 20, 40, 60, 80, 100, 120, 150 and 180 m inutes a fte r 
the s ta r t of the m eal unless otherw ise indicated.
2.3.2. Blood sampling during guar gum supplem entation period
At two weekly in tervals a fasting venous blood sample was taken 
from each NIDDM subject but those requiring it, took th e ir oral 
hypoglycaemic agents prior to sampling.
2.4 Blood Processing
Depending on the analyses to be carried  out aliquots of each blood 
sam ple were stored a t 4°C  prior to  analysis the same day. Plasm a and 
serum  samples were separated , aliquoted, frozen as quickly as possible and 
stored  a t -20°C prior to analysis.
2.5 P lasm a and urinary glucose
Plasm a glucose was determ ined by a hexokinase method in an 
au tom atic  glucose analyser (Cobas Bio C entrifugal Analyser).
The approxim ate glucose content of each urine sam ple was 
determ ined using G lukotest (Boehringer) and then the sample was diluted 
and analysed using a Boehringer Test-Com bination Glucose Kit which 
employs the hexokinase method.
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2.6 Insulin Radioimmunoassay
Plasm a im m unoreactive insulin was measured by a double antibody 
technique using an antiserum  raised in guinea pig against porcine insulin 
(Guildhay Antisera). lodinated bovine insulin (A m ersham International pic) 
was used as the  label and human insulin as the standard (NISBC 66/3004).
The sensitivity  of the assay was 2.5 mU/L. The interassay coeffic ien t of 
variation was 15% at 6.5 mU/L and 7.4% at a mean plasma insulin level of 
46 mU/L.
P lasm a im m unoreactive insulin assay reagents and procedure
2.6.1. Assay Reagents
Buffer 0.04M phosphate, pH 7.4 containing O.OIM EOT A.
Solution X 14.2g disodium hydrogen phosphate (NagHPO^) and 0.117g 
m erth io late added to  IL glass distilled w ater.
Solution Y 13.61g potassium dihydrogen phosphate (KH^ PO^) and 0.468g 
m erth io late added to  IL  glass distilled w ater.
400 ml solution X and 100ml solution Y were mixed and 4.65g 
disodium EOT A added. The pH was adjusted to 7.4 with 
solution X or V and made up to 1.25L.
Assay diluent 0.5% bovine serum  albumin was added to the required 
volume of buffer.
Charcoal stripped serum Pooled serum was obtained from  volunteers a f te r  
an overnight fast. The serum was mixed with ac tivated  charcoal (2Gg per 
100ml serum) overnight a t  4°C prior to centrifugation a t 2000g for 15 
m inutes in a MSE M istral 4L refrigera ted  centrifuge. The supernatan t was 
then filtered  through a Seitz filte r  (GradeA P/EKS). The resulting charcoal 
stripped serum was aliquoted and stored a t -20°C until required.
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Insulin antiserum  Guildhay guinea pig anti insulin serum was used. Each 
vial contained 1ml freeze dried antiserum  at a dilution 1:60. It was 
reconstitu ted  to 1ml with distilled w ater and diluted a fu rther 1:400 prior
to use.
Label The ^^^I insulin label with a specific activ ity  > 1.85 MBq/yg was 
stored at 4°C until required.
Standards The standard  was supplied by the N ational Institu te  of 
biological standard and controls. Each vial was diluted with assay diluent to 
produce a 1000 mU/L solution and stored frozen in 0.2ml aliquots. For use
0.8ml charcoal stripped serum  was added to each aliquot to produce a top 
standard  of 200mU/L. This was double diluted with stripped serum to 
produce standards containing 100, 50, 25, 12.5, 6.25 and 3.15mU/L.
Second antiserum  Guildhay donkey anti-guinea pig (I-P/D /4/PE) was 
diluted 1 :2Q with assay diluent prior to use.
Normal quinea-piq serum Normal guinea pig serum was heated a t 56 C 
for 30 m inutes in a w aterbath  and then stored a t 4°C  until required. This 
was diluted 1:100 prior to use.
Q uality controls Serum was co llected  from normal subjects a f te r  an 
overnight fast and 30 minutes, one and two hours a fte r a meal to give four 
serum  pools covering the  insulin concentration  range of the assay. Aliquots 
w ere freeze dried, stored a t 4°C  and reconstitu ted  with 500pl deionised
w ater prior to use.
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2.6.2 Method - see protocol sheet.
-Dgy 1
50pl each of standards, quality control and samples were dispensed in LP3 
tubes in duplicate and 350pl of antiserum  added. In order to estim ate the 
non specific binding 350]il of buffer diluent only was dispensed into 
duplicate tubes for each assay.
Tubes were mixed on a Vortex and incubated for 24 hours a t 4°C .
Day 2 
125 I insulin was diluted w ith assay diluent 1:40. lOOpl were added to all 
tubes which were then mixed on a Vortex and incubated for 24 hours a t 
4°C .
Day 3
Normal guinea pig serum was diluted with assay buffer 1:100 and 50pl
added to all except to ta l counts tubes. The second antiserum  was diluted
1:20, w ith assay diluent and lOOpl added to all tubes except to ta ls , 550pl of
4% polyethylene glycol was added to all tubes. They were mixed and
incubated a t 4°C for 2 hours. All except the to ta l tubes were then
centrifuged a t 2,500 rpm at 4°C  for 25 minutes in a MSE M istral 4L
cen trifuge. The supernatrant was then aspirated and the protein p recip ita te
125which contained the antibody bound I insulin counted in an au tom atic 
gam m a counter. The quantity  of immunologically active insulin in 
standards and sam ples was determ ined by subtracting  the number of counts 
in the non specific tubes. These co rrected  values w ere used in the 
construction of a standard curve and in calculating the resu lts.
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Protocol for insulin assay
Total
NSB
Maximum binding 
Zero
Standards
Samples
Buffer(pl)
350
DAY 1
Standard/Sam ple(pl) Antiserum(pl)
50
50
50
50
50
350
1:10K
350
1;80K
350
1:80K
350
1;80K
DAY 2
Label(iil)
Total 100
NSB 100
Maximum binding 100
Zero 100
Standards 100
Samples 100
DAY 3
Normal C arrier 
Serum(pl)
Double Antibody(pl) 4% PEG
Total - - 650
NSB 50 100 650
Maximum binding 50 100 650
Zero 50 100 650
Standards 50 100 650
Samples 50 100 650
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2.7 G astric inhibitory polypeptide
Plasm a im m unoreactive gastric  inhibitory polypeptide was measured in 
plasm a samples by radioimmunoassay using the method described by Morgan e t 
al. (1978), The sensitivity  of the assay was 100 ng/L and the in ter ass ay 
coeffic ien t of variation was 4.1% at 2677 ng/L and 22.5% at 138 ng/L.
2.8 P lasm a m otilin
P lasm a im m unoreactive m otilin was measured using a double antibody 
m ethod developed by Kwasowski (unpublished data). The method employs an 
antiserum  raised against synthetic  motilin. lodinated synthetic m otilin was used 
as the  label and synthetic motilin as the standard. The sensitivity of the assay 
was 15ng/L.
2.9 P lasm a gastrin
P lasm a im m unoreactive gastrin  was measured by a double antibody 
technique (Hansky and Soveny, 1977).
The sensitivity  of the assay was 15mU/L and the in terassay coeffic ien t of 
variation was 12% a t lOOmU/L and 10% at 300mU/L. The antiserum  cross reac ts  
100% w ith gastrin-17 and 50% w ith gastrin-34.
2.10 G lycosylated haemoglobin
Blood samples were collected in lithium  heparin tubes, stored a t 4°C and 
analysed on the same day by column chrom atography according to  the method of 
Kynoch and Lehmann (1977).
2.11 Serum lipids
Total serum cholesterol was measured using a fully enzym atic colorim etric 
m ethod (Boehringer No. 148-393) and to ta l serum  triglycerides using a fully 
enzym atic determ ination of triglycerides as glycerol (Boehringer No. 126-012).
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HDL cholesterol was measured using a Bio-Rad Technique K it (No: 182- 
5001). LDL cholesterol was calcu la ted  using the equations developed by Myers 
e t W. (1976).
2.12 Blood alcohol
Blood alcohol levels were measured by gas chrom atography according to 
the method of Curry ^  W. (1966).
2.13 Serum P arace tam ol
Serum paracetam ol was measured by high pressure liquid chrom atography 
(HPLC) using a Varian HPLC machine equipped with a variable w avelength 
spectrophotom eter. (Starkey unpublished data).
R eagents - Organic solvents used w ere HPLC grade. Buffers and sa lt solutions 
were made up w ith Analar or A ristar reagents using double glass distilled w ater.
P rec ip itan t solution - (to p recip ita te  serum  proteins in the sample).
Zinc sulphate (Ig) and benzoic acid as internal standard (12mg) dissolved in 
100ml m ethanol.
HPLC running solvent - Sodium a c e ta te  (0.05M) adjusted to pH4.6 using glacial 
ace tic  acid.
The solvent consisted of 70% sodium a c e ta te  buffer and 30% m ethanol.
Standards - These w ere prepared in the range 0-200pm ol/L paracetam ol using 
parace tam o l-free  serum.
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Column - The column was 10 x 0.5cm O.D.S. packed with (C^g) Hypersil (5p) 
and operated a t am bient tem peratu re . The flow ra te  was 1.5m l/m in and the 
chart speed 600nm/h.
The eluate was monitored a t A 249nm and the paracetam ol concentration 
calcu la ted  by correction of peak height paracetam ol for peak height in ternal 
standard  and reference to the standard  curve.
2.14 P resen tation  of results and analysis da ta
P aram eter m easurem ents were recorded as the mean + standard erro r of 
the mean (SEM).
The area under the post prandial curves was calculated  using the 
trapezoidal rule on a Commodore PET com puter 8032 using a program w ritten  by 
P. Kwasowski.
Results were compared using students t- te s t  for paired da ta  unless 
otherw ise specified.
I- 34 -  I
CHAPTER THREE
The effectiveness of guar gum preparations in rela tion  to the ir 
hydration properties and conditions of study.
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3.1 INTRODUCTION
Supplem entation of food w ith a therapeu tic  agent can have adverse 
effects  on the palatab ility  of the food and require a m odification in 
lifesty le  so, if given the choice, some people would opt to eat 
unadulterated  food and take  a sep ara te  form  of m edication.
Guar gum, when mixed in tim ately  with a meal has been shown to 
reduce post prandial hyperglycaem ia in both normal and diabetic subjects 
(Wolever e t 1979a; Goulder e t al^ . 1978 and Morgan e t 1979) but not 
without a deleterious e ffec t on the  acceptability  of the food into which it  
is incorporated. Norgine Lim ited have developed paraffin  coated guar 
granules designed for consumption im m ediately prior to a m eal. Their 
ability  to  modify post prandial glycaem ia had to be investigated, in the 
light of reports suggesting th a t  guar gum can only be effective  when 
in tim ately  mixed w ith each m eal (Jenkins e t 1979b and Wolever e t al. 
1979b).
Not all reports in the lite ra tu re  have shown guar gum to be 
efficacious in reducing post prandial glycaem ia and improving m etabolic 
hom eostasis. The discrepancies may be due to the d ifferent conditions 
under which studies have been carried  out.
Jenkins e t (1977a and 1978a) reported  reduced post prandial 
plasm a glucose and insulin levels in norm al subjects following a 50g liquid 
glucose load to which 14.5g guar gum had been added. These results 
confirm ed others (Leeds e t  1975 and Jenkins e t 1977b). Wolever e t 
al. (1979a) also showed, in normal subjects, th a t 5g guar gum mixed w ith 
the  liquid p art of a m eal (soup) was more effective  in reducing the peak 
post prandial plasm a glucose and insulin levels than 5g guar gum in bread.
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However, 5g in each was the most e ffective  in both normal and IDDM 
subjects. This was confirm ed by Goulder e t  W. (1978), who subsequently 
showed tha t the post prandial GIP response was significantly reduced by 
the addition of guar gum to the m eal in both groups of subjects.
GIP is an acronym  for G astric Inhibitory Polypeptide. It was initially 
nam ed for its ability  to inhibit gastric  acid secretion but has since been 
shown to stim ulate  insulin secretion (Brown et al. 1975). It has been known 
for many years th a t the gut is able to modify insulin secretion  and in 1964 
McIntyre e t and Elrick e t al. showed tha t oral adm inistration of glucose 
caused much higher circulating insulin levels than either the sam e amount 
of glucose adm inistered intravenously or the intravenous adm inistration of 
glucose in am ounts su ffic ien t to produce the sam e degree of 
hyperglycaem ia. Unger and E isentrau t (1969) proposed the term  en tero - 
insular axis to describe a regulatory  system  in which insulin secretion  from 
the pancreatic  isle ts is modified, in p a rt, by gastro in testinal hormones. 
The gastro in testinal hormone GIP appears to be one of the m ajor hormones 
involved in this regulation.
GIP cells are predom inantly localised in the middle cells of the glands 
of the duodenum and to  a lesser ex ten t in the jejunum. They have been 
recognised as the K cells of the APUD series of endocrine polypeptide cells 
(Brown and O tte , 1979). The secretion  of GIP itse lf is stim ulated  by both 
oral glucose and fa t but GIP only stim ulates insulin secretion  in the 
presence of hyperglycaem ia (Brown e t  1978). This provides a safeguard 
against inappropriate insulin secretion  as insulin secretion in response to 
oral fa t stim ulated  GIP, in the absence of carbohydrate ingestion, would 
re su lt in hypoglycaemia.
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Abnorm alities of GIP secretion have been reported in the 
pathogenesis of NIDDM (C reu tz fe ld t e t  al. 1978) but there rem ains a g reat 
deal of disagreem ent. Ebert e t W. (1976) showed NIDDM subjects had an 
exaggerated  GIP response to a te s t m eal compared to normal subjects but 
others have shown no d ifference (May and Williams, 1978) or a diminished 
response (Alam and Buchanan, 1980).
The re lease  of GIP from the gut in response to food may be 
regulated by the  ra te  of absorption of glucose (Ebert and C reu tzfe ld t, 
1978) and/or the ra te  of gastric  emptying (C reutzfeld t, 1981). Since i t  has 
been hypothesized th a t guar gum may modify both the ra te  of gastric  
em ptying and nu trien t absorption (Jenkins e t al. 1976a) the addition of guar 
gum to a m eal may a ffe c t GIP secretion . Therefore, in any study involving 
the incorporation of guar gum into the diet, especially of diabetics, plasm a 
GIP levels may provide valuable inform ation, but they have rarely  been 
m easured (Morgan e t 1979).
The im portance of reporting fully th e  composition and consistency of 
the te s t m eal as well as the type of subjects consuming it  has been 
highlighted by the variable resu lts of the effectiveness of guar gum. Some 
workers (Gassull e t  1976 ; Jenkins e t 1976a and 1977b) used a typical 
b reakfast meal of bread and m arm alade but the ir positive findings of the 
effectiveness of fibre supplem entation in reducing post prandial glycaem ia 
cannot be a ttribu ted  to guar gum alone because the m arm alade was 
supplem ented with lOg of pectin , shown to reduce post prandial glycaem ia 
(Jenkins e t al. 1978a).
Williams e t al. (1980) found no e ffec t on post prandial plasm a glucose 
and insulin levels in NIDDM subjects given 5g guar gum in diabetic squash
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and 5g sprinkled on to bread and b u tte r, subsequently spread with 
m arm alade. Their initial report of this work (Williams and Jam es, 1979a) 
and the ir criticism  of the validity of using a liquid te st meal caused heated 
correspondence in th e  Lancet. Jenkins e t (1979b) stressed the 
im portance of mixing guar gum w ith the predom inantly carbohydrate 
portion which should be distributed throughout the meal. They also 
critic ised  the meal chosen by Williams' group because of its high sucrose 
load, atypical of the prescribed diabetic diet. Williams and Jam es (1979b) 
quickly responded regarding the addition of guar gum to orange juice and 
crispbread by Jenkins' group (not the  predom inant carbohydrate portion of 
the meal) and the use of m arm alade which is a source of readily assim ilable 
carbohydrate, com parable to sugar.
Another im portant fac to r which arose from the correspondence was 
the  im portance of taking guar gum in a prehydrated form. Jenkins and his 
colleagues (1978a) had previously provided evidence th a t the ability of an 
unabsorbable carbohydrate to increase the  viscosity of an aqueous solution 
d irectly  rela ted  to its pharm acological e ffec ts . They showed th a t the 
g rea ter effectiveness of guar gum, comparer! with pectin , gum tragacanth , 
m ethylcellulose, w heat bran or cholestyram ine in reducing m ean peak post 
prandial plasma glucose concentrations a fte r a 50g liquid glucose load was 
abolished when hydrolysed non viscous guar gum was used. In addition the 
effectiveness of the  o ther fibres was positively corre la ted  with the ir 
viscosity.
However, viscosity developm ent prior to consumption may not be 
v ital. Wolever e t (1978b and 1979b) found th a t when unhydrated guar 
gum was given with a liquid glucose load i t  was as effective in reducing the 
post prandial blood glucose response in normal subjects as when it was
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given hydrated and concluded tha t viscosity prior to consumption was 
unim portant provided guar gum was taken well dispersed with suffic ien t 
w ater to allow hydration w ithin the stom ach. Williams and Jam es (1979a) 
found no effec t w hether the  guar gum was given prehydrated or not and 
refu ted  (1979b) th a t th e ir method of incorporating gelled guar gum into the 
m eal had caused it to form lumps which could not disperse or hydrate as 
suggested by others (Jenkins e t 1979b).
It em erges from th is confusion th a t several facto rs m ust be
considered when designing a tria l to study the e ffec t of guar gum on the 
plasma glucose response to a m eal. These are:
1) The ability  of the guar gum preparation to form a viscous 
solution before consumption, or whilst in the stom ach.
2) The consistency of the meal - liquid or liquid and solid.
3) The composition of the meal - predominantly carbohydrate or
mixed.
4) The nutritional component to  which the guar gum is added - 
carbohydrate or mixed throughout.
5) The stage of the meal tha t the guar gum is eaten .
6) The subjects - non-diabetic, IDDM or NIDDM volunteers.
7) The blood param eters measured as an indication of
effectiveness.
The relative im portance of each fac to r is still not clear and therefore 
th e  following study was conducted.
3.2 AIMS
Three guar gum form ulations were available, guar powder and flour 
which could be in tim ately  mixed with a m eal and guar granules which were
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designed to be taken as m edication im m ediately prior to the meal but the ir 
effectiveness was unknown.
The aims of this study were initially  to measure the viscosity of 
solutions of each guar gum form ulation under either standard or stom ach 
conditions and re la te  th a t to the ir ability to modify post prandial 
hyperglycaem ia when -
(a) given to normal subjects with an oral liquid glucose te st meal,
(b) given in conjunction with a solid mixed meal to normal and 
NIDDM subjects.
Finally, the results of this study w ere used to help choose the most 
effective and palatab le form  of providing guar gum in the diet of NIDDM 
subjects for a long te rm  study.
3.3 MATERIALS AND METHODS
3.3.1. M easurem ent of viscosity of guar gum suspensions
One percent guar gum suspensions of guar flour, guar powder and 
guar granules w ere made up with e ither tap w ater (pH 4.0) or w ater 
acidified to pH 1.0 w ith hydrochloric acid and m aintained a t e ither 22°C or 
32°C. Stomach conditions w ere mimicked a t a tem peratu re  of 32°C and 
pH 1.0. Each suspension was prepared by whisking the guar gum 
preparation vigorously into the w ater. The point a t which the addition 
began was taken as the s ta r t of the hydration. Viscosity m easurem ents 
w ere made with a Brookfield Synchro-Lectic Viscometer (model RVF-100, 
spindle No.4) a t 20 rev /m in  a t 2,5,10,20,30, 45 or 60 m inutes from the s ta r t 
of hydration. Each suspension was prepared and m easured on two separa te  
occasions.
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3.3.2. Clinical studies in normal subjects using a liquid glucose te s t
m eal
Five healthy volunteers all within 10% ideal body weight for height 
(M etropolitan Life Insurance Company) and aged between 22-25 years 
partic ipa ted . They each attended on four separate occasions a t least a 
week apart. A fter an overnight fast they consumed, in two equal portions, 
one minute apart, 80ml Hycal (Beechams) diluted to 250ml with w ater. 
This provided 50g glucose and was the control glucose load. Guar gum was 
incorporated into the test loads in the following manner -
1. Guar flour and guar powder (5g) was vigorously whisked into 
each portion im m ediately prior to  consumption.
2. Guar granules (6.25g, equivalent to 5g guar gum) were chewed 
im m ediately before consumption of each portion.
Venous blood was collected  and plasm a was separated  and 
subsequently analysed for glucose, im m unoreactive insulin and 
im m unoreactive GIP. All methods are described in C hapter 2.
3.3.3. Clinical studies using a solid mixed te s t meal
Guar powder and guar granules were used in this study.
Six normal healthy volunteers aged between 25*45 years and within 
10% ideal body weight for height (M etropolitan Life Insurance Company) 
and seven NIDDM subjects (see Table 3.1) participated . Each volunteer 
a ttended  on th ree separate  occasions a t least a week apart. The study was 
always carried  out a fte r an overnight fast but those subjects m aintained on 
oral hypoglycaemic agents took th e ir  usual m edication in the morning.
The composition of the te s t  m eal is shown in Table 3.2. The 'bread' 
was made of flour and w ater and baked a t 180°C for 20 m inutes. It was 
given as part of the control m eal and meal in which guar granules were
- 42 -
Z
2
3
>
g
r \
Ld
_ j
CD<
(D
4->2•a
oj Q
COU
cnS E 
1 “
t i
I " - "
m Y
CO
COÛ.
a
CD
m lo " O  CDI’o
5jQ 0> CD2
CDVO
VO
VO
CO
§
0<—I
(D
" O1
ucE
VOCD
LT\
CD
ON
< ±
oCvJ o<)■
os
CD•a
£CO
CL&
o
3  U GL
lO>
r ~LTV
O 'LTV
o
U
CO
CL
LÜ
Y
g
Z
VO
o \lA
lA
2
Q
CD l A  
" O  C D
b c 
oos
ÎZ ^  02
A '
V O
O
A -
2Y
olA
O
EI
uc
CDJD
rA
Û .
o
LA
3 O o O CD o O
o O o O O o OCD Cvj CM CM CM LA CMr -i CM <—1 rH CM rH CM
o lA O o LA LA LArA O CM CM O A - CDLA CM O CD CM CM CMA * ON LA LA o \ VO OV
■ s1
Oc
CDjQ
o  o
lA
A»
OlA
CO
O
TABLE 3.2
43 -
Composition of Mixed Meal
Wt (g) CHG (g)
Energy
kcal kJ
Tomato soup 298 28.3 220 920
Egg 50 - 74 309
Milk 100 4.7 65 272
'Bread* 60 31.8 145 606
B utter 10 - 74 309
TOTAL 64.8 578 2416
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consumed. The guar powder was mixed with the flour prior to the addition 
of w ater and th e  'bread' was baked for 30 m inutes.
Following an overnight fast subjects were asked to consume the meal 
a t 0900h within 20 m inutes. The meals were given in a random order but 
the study could not be conducted blind. On one occasion 18.5g guar 
granules were taken with 250ml w ater 10 minutes before the m eal. During 
the other te s t meal the bread providing lOg guar powder was substituted 
for the controi bread and 5g guar powder was whisked vigorously into the 
soup im m ediately prior to consumption.
Venous biood was collected and processed as previously described in 
C hapter 2. The post prandial plasm a glucose curves of the  NIDDM subjects 
w ere calculated  as the change in plasm a levels from fasting for each 
subject, due to  th e  large variations between them  in fasting levels. All 
other results were processed and analysed using the methods described in 
C hapter 2.
3.4 RESULTS
3.4.1. Viscosity m easurem ents
There were considerable d ifferences betw een the ability of the th ree 
guar gum preparations under study to  develop a viscous suspension^
Guar granules; It was impossible to obtain reproducible viscosity 
m easurem ents on the  wax coated guar granules. They swelled slightly but 
did not form a uniform suspension. Visual assessm ent showed tha t they 
form ed a much less viscous suspension than the other two preparations.
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Guar flour and guar powder: The e ffec t of pH and tem peratu re on
viscosity developm ent of the  guar flour and guar powder suspensions is 
shown in Figures 3.1 and 3.2. The guar powder suspension was less viscous 
at 32°C than at th e  lower tem pera tu re  (22°C) at both pH 1.0 and pH 4.0. 
A t both tem peratu res the viscosity was higher a t pH 4.0 than 1.0. The guar 
flour suspension was li ttle  a ffected  by pH, especially at 22°C. At 32°C 
and pH 1.0 a higher viscosity was initially achieved than at pH 4.0 but 
within 40 m inutes it was sim ilar regardless of pH.
3.4.2. Clinical studies in normal subjects using a liquid glucose te st 
m eal
The guar granules were well to lera ted . The flavour and consistency 
were accep tab le  but the subjects disliked the tendency of the granules to 
stick  between the tee th .
It was easier to incorporate the guar powder uniformly into the 
glucose drinks than the guar flour which form ed lumps which were d ifficu lt 
to disperse.
The results of the clinical studies are shown in Figures 3.3, 3.4 and 
3.5. When guar gum was taken in addition to the glucose drink there  was 
no s ta tis tica lly  significant e ffe c t upon mean peak post prandial plasm a 
glucose levels, although in each case they w ere lower than the control 
(Figure 3.3). During the la t te r  part of the sampling tim e (90-180 m inutes) 
supplem entation with guar flour and powder prevented a fall in plasma 
glucose levels below fasting, thus smoothing the post prandial plasm a 
glucose curve com pared with the  curves following the  control and guar 
granule supplem ented meals. At no tim e, however, was there any 
significant d ifference from the controi situation, irrespective of the guar 
gum preparation given.
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In con trast, as shown in Figure 3.4, post prandial insulin levels were 
significantly reduced by addition of each of the preparations. The a rea  
under the curve 0-180 m inutes was significantly  reduced by consumption of 
th e  granules (p < 0.025), flour (p < 0.01) and powder (p < 0.01). Guar flour 
and powder were equally effec tive  in reducing post prandial insulin 
com pared with the control but guar granules w ere significantly less 
e ffec tiv e . The area under the curve 0-180 minutes was g reater a fte r  the 
guar granules than a fte r e ither of the  o ther guar supplem ented liquid meals 
(p < 0.05).
Similarly, as shown in Figure 3.5 the  area under the post prandial 
plasm a GIP curve 0-180 min (903.6 + 138.8 pg. ml"^ min) was significantly 
reduced when guar powder (586.9 + 85.6 pg. ml"^ min) or guar flour (554.4 +
145.2 pg. m r^m in) w ere incorporated  into th e  liquid m eal (p < 0.01).
GIP levels following consumption of the liquid meal and guar granules 
w ere not m easured but based on the da ta  obtained a sm aller reduction in 
the area under the curve than th a t achieved with either guar flour or 
powder would be expected.
3.4.3. Clinical studies using a solid mixed te st meal
The work was not conducted as a blind study because th e  subjects 
w ere aware of the differing circum stances i.e. chewing guar granules and 
the  presence of guar powder in the  soup and 'bread'. They did not know, 
however, th a t the substance under investigation was guar gum in d ifferen t 
forms. The guar granules w ere consumed with rela tive ease although all 
the subjects complained th a t they stuck  betw een the ir te e th . Guar powder 
was easily incorporated into th e  soup and did not form lumps. If the soup
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was not consumed quickly i t  becam e very thick and three NIDDM subjects 
found the tex tu re  objectionable although the ta s te  of the soup was 
unaffected . The guar bread was easily made and despite being a heavier 
tex tu re  than the control bread it was quite acceptable.
The e ffec ts  of incorporating guar gum into the mixed m eal on normal 
subject's post prandial plasm a glucose, insulin and GIP levels are shown in 
Figures 3.6, 3.7 and 3.8 respectively . Post prandial plasma glucose and 
insulin levels w ere unaffected  by either preparation, however the area  
under the post prandial plasm a GIP curve was significantly reduced by the 
addition of guar powder (1791.6 + 132.2 pg. ml ^ min and 1356.7 + 100.3 pg. 
ml"^ min a f te r  the control and guar powder supplem ented m eals 
respectively , p < 0.025).
The e ffec t of incorporating the two guar gum preparations into the 
meal of NIDDM subjects on mean post prandial plasma glucose, insulin and 
GIP levels is shown in Figures 3,9, 3.10 and 3.11 respectively.
In seven NIDDM subjects guar granules, equivalent to 15g guar gum, 
taken as a pre-m eal m edication had no e ffe c t on the m etabolic response to 
the mixed m eal. The incorporation of guar powder into the m eal, however, 
caused a reduction in the mean post prandial rise of the three param eters 
m easured as determ ined by comparison of areas under the  post prandial 
curves 0-180 m inutes.
The area under the curve of the mean change in plasm a glucose levels 
from  fasting (3.02 + 0.56 mmol. L"^min) was reduced to (2.07 + 0.47 mmol. 
L”^ min). by the addition of guar powder (p < 0.0125). The area under the 
post prandial plasm a GIP curve was similarly reduced (from 1158 ± 206 pg.
-  53 -
m l”  ^ min to 1034 + 79 pg. m l’ ^min) (p < 0.0125), The e ffec t of inclusion of
guar powder on the m ean post prandial insulin responses was also 
significant (AU 
min) (p < 0.05).
C reduced from  29.4 + 5.5 mU.L"^ min to 26.7 + 5.3 mU.L”^
3.4.4. GIP response to a mixed meal in normal and NIDDM subjects
The fasting m ean plasm a GIP levels of the normal and NIDDM 
subjects were similar (438 + 34pg/ml and 346 + 71 pg/m l respectively) (p = 
ns). The rise in mean plasm a GIP levels following the mixed m eal was 
lower in NIDDM subjects a t 80 and 120 m inutes (p < 0.05) and a t 40 and 150 
m inutes (p < 0.02) than in norm al subjects but there  was no significant 
d ifference between the area under each mean post prandial plasm a GIP 
curve 0-180 minutes.
3.5 DISCUSSION.
3.5.1. Viscosity of guar gum preparations
The th ree  guar gum preparations under study exhibited rem arkably 
d ifferen t abilities to hydrate in solution to form a viscous suspension.
Guar granules were unable to produce a viscous suspension either a t 
room tem peratu re  and pH 4,0 or in a situation  chosen to mimic stom ach 
conditions. Guar powder was consistently  less viscous than guar flour and 
the  d ifferences between the  preparations were more marked than the 
changes brought about by altering pH or tem peratu re . If, as Jenkins e t 
(1978a) suggest the ability to  form a viscous suspension is c ritica l for 
pharm acological e ffec t then these  d ifferences in ra te s  of viscosity 
developm ent and maximum viscosity a tta ined  should be mimicked by the  
physiological e ffec t of the  preparation. This was subsequently 
investigated .
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F igure  3 . 7  E f f e c t  o f  two guar gum p r e p a r a t io n s  on mean (± SEM) 
p o s t  p ra n d ia l  plasma i n s u l i n  l e v e l s  f o l l o w i n g  a 
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Figure 3 . 8
E f f e c t  o f  two quar gum p r e p a r a t i o n s  on mean (± SEM) p o s t - p r a n d i a l  
plasma GIP l e v e l s  f o l l o w i n g  a s o l i d  mixed meal in normal s u b j e c t s  (n=6)
# - # - #  meal a l o n e  ( c o n t r o l ) ; o - - o - - o  meal + guar powder;
▲ • • ▲ • • ▲ • • A  meal + guar f l o u r .  * P <• 0 . 0 5
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F igure  3 . 9  E f f e c t  o f  two guar gum p r e p a r a t i o n s  on mean (± SEM) 
increm en ta l  change in plasma p o s t  prandia l  g l u c o s e  l e v e l s  from f a s t i n g  
f o l l o w i n g  a s o l i d  mixed meal in NIDDM s u b j e c t s  ( n = 7 ) .
meal a l o n e  ( c o n t r o l ) ;o — o — o meal + guar powder;a **a -« a meal + 
guar f l o u r .  ** P < 0 . 0 1 .
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F ig u re  3 . 1 0  E f f e c t  o f  two guar gum p r e p a r a t i o n s  on mean (± SEM) 
p o s t  prandial  plasma i n s u l i n  l e v e l s  f o l l o w i n g  a s o l i d  mixed meal in  
NIDDM s u b j e c t s  (n = 7 ) .
o - * - #  meal a l o n e  ( c o n t r o l  ) ; o — o — o — o meal + guar p o w d e r - a - - a meal 
+ guar f l o u r .
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F igure  3. 11
E f f e c t  o f  two guar gum p r e p a r a t i o n s  on mean (± SEM) p o s t  p ran d ia l  
plasma GIP l e v e l s  f o l l o w i n g  a s o l i d  mixed meal in NIDDM s u b j e c t s  
( n = 7 ) .
•  "O meal a l o n e  ( c o n t r o l ) ; o - - o - - o  meal + guar powder;
A' A A meal + guar f l o u r .  * P < 0 . 0 5 .
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3.5.2. Clinical studies In normal subjects using a liquid glucose te s t 
m eal
All the guar gum preparations were effective  in slowing down the 
ra te  of glucose absorption as indicated by the reduction in mean post 
prandial plasm a insulin levels. Mean plasm a GIP levels were also 
significantly lower when guar flour and guar powder were taken with the 
oral glucose load. Jenkins e t (1979b) showed th a t the tim ing of 
consumption of the  guar gum in rela tion  to  the glucose solution was vital 
and a few m inutes interval reduced the effectiveness of guar gum; They 
were however using guar powder which quickly became viscous. In the 
present study the guar granules were taken before the glucose solution to 
allow tim e for the coating to dissolve and if possible some hydration to 
occur within the stom ach before the glucose reached it. It is unlikely th a t 
th e  lim ited action of the guar granules can in any way be accredited  to 
th e ir  consumption in advance of the liquid load and is more likely 
a ttribu tab le  to th e ir  inability to increase the viscosity of an aqueous 
medium.
Guar flour and guar powder were significantly more effec tive  than 
guar granules in reducing the mean post prandial plasm a insulin response. 
They were equally effective  in reducing th a t and the mean post prandial 
plasm a GIP response despite th e ir widely d ifferent viscosities under 
stom ach conditions. This, unlike the findings with guar granules, is 
con trary  to the hypothesis of Wolever e t al. (1978b) th a t the effectiveness 
of a guar gum preparation given un gelled depends upon its ability  to 
becom e viscous under stom ach conditions.
If efficacy of the th ree  guar gum preparations in norm als had been 
judged solely on post prandial plasma glucose m easurem ents they would all
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have been shown to be ineffective , even when given with a liquid glucose 
load, the situation most likely to  reveal a physiological action. By 
measuring post prandial insulin and GIP levels it  was clear th a t addition of 
each guar gum preparation to the  liquid glucose load caused a reduced 
insulin response, probably m ediated by the reduced GIP response. The 
reason for the reduced stim ulation of GIP release is unknown but could be 
caused by guar gum delaying the  ra te  of gastric  emptying.
It has been suggested th a t guar gum reduces the ra te  of gastric  
em ptying by-^virtue of->.its ability  to hydrate (Jenkins e t al. 1976a). 
According to the results of the present study this cannot be the  only fac to r 
involved because guar powder and guar flour were pharm acologically 
sim ilar in action despite th e ir differing hydration properties.
Guar powder is a much easier preparation to incorporate into foods 
and is fa r more acceptab le to  the consumer than guar flour. It was 
essential therefore to establish w hether, despite a relatively  poor ability to 
increase viscosity compared with guar flour, it was as effective when 
incorporated into a mixed meal as i t  was w ith a liquid glucose meal.
3.5,3. Clinical studies using a solid mixed m eal.
The addition of 15g guar powder to a solid mixed meal modified the 
post prandial GIP response in norm al subjects and reduced the rise in 
plasm a glucose and the plasm a insulin and GIP response in NIDDM subjects. 
Thus in normal subjects, adding th ree  tim es the quantity of guar powder 
incorporated into the liquid glucose load to a solid mixed meal had less 
e ffe c t. NIDDM subjects were more sensitive to the addition of guar gum to 
the solid meal than normals. Normal subjects have an effic ien t regulatory  
system  for m aintaining plasma glucose levels within narrow lim its and
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these results confirm  th a t discrepancies concerning effectiveness may be 
due, a t least in part, to the type of subject participating.
The lack of e ffec t of guar granules when given to norm al subjects 
w ith a mixed meal was partia lly  expected because they were the least 
effective  when taken with a liquid glucose load. However, they were not 
even effective enough to modify the response of the diabetics.
One purpose of the present study was to establish the m ost effective 
and palatab le means of incorporating guar gum into the d iabetic  diet in 
order to carry out an eight-w eek tria l. The meal was chosen to provide the 
sam e food Item s as one previously used (Morgan e t 1979). They had 
shown th a t incorporation of lOg guar flour into the m eal significantly 
reduced post prandial plasm a glucose and GIP levels in both normal and 
IDDM subjects and post prandial plasm a insulin levels in norm al subjects. 
Guar flour was the most d ifficu lt of the tested  preparations to incorporate 
into the meal because it tended to  form lumps when sprinkled into the soup 
and when w ater was added to the flour to make bread. In order to 
inconvenience th e  NIDDM volunteers as little  as possible and hopefully 
obtain th e ir cooperation for a long term  tria l they were only asked to 
attend  on th ree  occasions. The addition of the two m ost palatable 
preparations were therefore com pared with the control situation . It was 
assumed from the previous resu lts  of Morgan £ t  (1979) th a t guar flour 
was effec tiv e .
The reductions observed in the post prandial param eters measured in 
this study w ere achieved by adding 15g guar powder (5g in soup and lOg in
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bread) to a meal providing 65g carbohydrate. Wolever e t al. (1979a) 
achieved an e ffec t using just 5g guar gum in a meal providing 45g 
carbohydrate. The e ffec t was g reater when the guar was added to the 
liquid phase (soup) than the solid phase (bread). The subjects in the  present 
study found the bread palatab le  w hether guar flour or guar powder was 
incorporated but had difficulty  in consuming the soup as the viscosity was 
unexpected (Figure 3.12). It was, the re fo re , considered likely th a t g reater 
com pliance would be achieved in a long te rm  tria l if more guar gum was 
incorporated into bread or any other solid food found to be acceptab le 
when supplem ented with guar gum.
The significant reduction which occured in the area under the 
increm ental post prandial plasm a glucose curve due to the addition of guar 
powder to the meal is in agreem ent w ith the findings of Gassull e t W. 
(1976) and Jenkins e t  (1977b) who added 16g guar gum and lOg pectin to 
a lOOg carbohydrate b reakfast given to normal subjects and d iabetic 
subjects (NIDDM and IDDM) (Jenkins e t  al. 1976a). It is also in agreem ent 
w ith the findings of Wolever e t al. (1979a) and Morgan (1979) who, as 
in this present study achieved an e ffec t with guar gum alone. Williams e t 
al. (1980) however, giving a meal which provided 85g carbohydrate to 13 
NIDDM subjects found the  addition of lOg guar gum, 5g sprinkled on bread 
and 5g in squash did not significantly  a ffe c t post prandial plasm a glucose or 
insulin levels. These negative findings, which contradict those of the o ther 
workers quoted, show the im portance of giving guar gum in tim ately  mixed 
with the m eal and this is confirm ed by the present findings.
The results of this study support the hypothesis th a t guar gum when 
incorporated into a mixed m eal can favourably modify the  post prandial 
plasm a glucose, insulin and GIP response of NIDDM subjects. It is justified
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therefo re  to find a variety  of foods to which guar gum can be added and 
establish w hether it is as feasible to  include them  in addition to, or in place 
of guar gum supplem ented bread, shown during this study to be acceptable, 
into the diet of NIDDM subjects on a regular long-term  basis, in an a ttem p t 
to improve m etabolic control.
3.5.4. G IP response to a mixed meal in normal and NIDDM subjects
The fasting mean plasm a G IP levels of the normal and NIDDM 
subjects were sim ilar and although the G IP response to the meal was lower 
in NIDDM than normal subjects the difference was not significant. In 
addition the samples were assayed on se p a ra te  occasions and therefore 
li ttle  emphasis can be put on these d ifferences.
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CHAPTER FOUR
The e ffec t of addition of guar gum to foods on the ir 
preparation and accep tab ility  to d iabetic subjects
- 6 7  -
4.1 INTRODUCTION
There are theoretically  two methods available for incorporating guar 
gum into the therapeutic  regim en of diabetics. It can be taken as a p re­
meal m edication as already discussed (C hapter 3) or incorporated into 
foods. The results reported  in the previous chapter however, showed th a t 
the granular form ulation, available as a pre-m eal m edication, was 
ineffective in reducing post prandial hyperglycaem ia and highlighted the 
im portance of finding an accep tab le  method for incorporating guar gum 
into each meal on a long term  basis.
Many workers who have tried to incorporate guar gum into the diet 
and/or a te s t m eal have reported d ifficulty  in retaining the palatability  of 
the food (Dewar e t al. 1979; Wahlquist e t 1979 and Williams e t 
1980). Hill and Leeds (1979) added varying concentrations of guar gum to 
30 recipes but subjects only found the foods accep tab le  when very sm all 
quantities of guar gum were used (0.05g - 2.3g/100g finished product). This 
concentration  may well not be suffic ien t to cause a therapeu tic  e ffec t 
since many studies have been reported  using te s t m eals providing 10 - 16g 
guar gum (Gassull et al. 1976; Jenkins e t 1976a; 1977b; Goulder e t al.
1978; Morgan e t al. 1979 and Williams e t  1980). The incorporation of
guar gum into a meal a t this level obviously requires the developm ent of 
food item s which re ta in  the ir palatab ility  when guar gum is added a t higher 
concentrations and/or can be eaten  in sufficiently  large quantities to 
provide enough guar gum to be therapeu tically  effective.
4.2 AIMS
The aim of this study was therefo re  to assess the e ffec t on 
preparation and palatability  of addition of 5g guar gum to lOg or 20g
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carbohydrate portions of a varie ty  of baked products in order to assess the 
feasibility  of including them  regularly  in a diabetic dietary regim en.
4.3 MATERIALS AND METHODS
4.3.1. Incorporation of guar gum into food
Three recipes were chosen which could be made in large quantities 
and stored frozen in portions providing lOg and 20g carbohydrate. 
Ingredients were purchased from a local superm arket and guar flour was 
used. The carbohydrate and energy content of the recipes were calcu lated  
using th e  food tables of M cCance and Widdowson edited by Paul and 
Southgate (1978). The recipes and nutrien t content per portion are  shown 
in Table 4.1.
When preparing cheese scones guar flour was mixed with the plain 
flour. Half the  guar flour was mixed with the plain flour used to  make the  
base of both the flan and pizza and half was sprinkled over the prepared 
base through a fine mesh stra iner before th e  filling/topping was added.
Twenty two d iabetic patien ts  partic ipa ted  in the tasting  session and 
20 o ther d iabetics com pared th e  th ree  cheese biscuits. Their age range 
was 15 - 78 years and they w ere trea ted  with either insulin or oral 
hypoglycaemic agents in conjunction with a modified diet. They were 
asked to ta s te  each item  and assess them  according to  th e ir  appearance, 
ta s te , tex tu re  and overall accep tab ility , including size of a IGg or 20g 
carbohydrate portion. They used a scale 1-5 as shown in Table 4.2. They 
were asked to  say if th e  food was one they liked and usually a te . A t no 
tim e did they know th a t the foods contained guar gum.
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TABLE 4,1
Cheese biscuits (20 biscuits 7.5 x 3 cm)
90g grated red L eicester cheese
60g butter-softened
60g flour
20g guar flour
Seasoning
1. Liquidise cheese
2. Blend cheese with bu tte r
3. Sieve together flour, guar flour and seasoning
4. Blend cheese /bu tter with dry ingredients
5. Roll into a firm  ball6. Roll out thinly and cut into rectangles (20) ,  //nnO r\
7. Place on an un greased baking tray  and bake a t gas mark 6 (400 E; until
brown (5-10 min)
Total recipe provides 40g carbohydrate, 4200 kJ(1020 kcal) and 20g guar gum.
One portion (5 biscuits) provides lOg carbohydrate, 1050 kJ (255 kcal) and 5g
guar gum.
Pizza (13 X 11.5 cm rectangle)
Base
105g flour 
175ml milk 
15g b u tte r 
lOg guar flour
1. Sieve together flour and guar flour
2. Rub in fa t until m ixture resem bles fine breadcrum bs.
3. Mix milk in quickly4. Knead m ixture until i t  form s a firm  ball of dough5. Roll out to a rectang le  (13 x 11.5cm) and place on a greased baking tray
Topping
60g onion
50g tom ato
lOg tom ato  puree
200g grated  cheddar cheese
lOg guar flour
Oregano and basil to ta s te
6. Chop onions finely7. Blanch and skin tom atoes, chop roughly8. Spread tom ato puree over dough base and sprinkle onions, tom ato , guar
flour and cheese evenly over the surface of the pizza base
9. Bake a t gas mark 8 (450°F) for approxim ately 20 min
Total recipe provides approxim ately 80g carbohydrate, 6200 kJ (1480 kcal) and 
20g guar gum.
One portion (6.5 x 5.7 cm) provides 20g carbohydrate, 1550 k J  (370 kcal) and 5g 
guar gum.
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Egg and bacon flan (Round flan - d iam eter 22 cm)
Base
90g flour 
22,5g m argarine 
22.5g lard 
7.5g guar flour 
10 ml cold w ater
1. Sieve together flour and guar flour
2. Rub in the fa t until m ixture resem bles fine breadcrumbs
3. Add 10ml chilled w ater and mix quickly.
Filling
90g lean gammon, cooked and 
chopped 
lOOg egg
75 ml single cream  
100 ml w ater 
lOOg chopped onion 
60g grated cheddar cheese 
7,5g guar flour 
Seasoning and mixed herbs
4. Knead m ixture firm ly to form a com pact ball
5. Roll out carefully  and use to line greased 22cm loose bottom ed flan
dish
6. Mix eggs, cream  and w ater
7. Sprinkle guar flour evenly over pastry  base
8. Cover with chopped gammon and onion
9. Pour egg mixture over this sprinkle grated  cheese and mixed herbs on 
top
10. Bake a t gas mark 6 (400 F) for 30-40 min.
Total recipe provides approxim ately 60g carbohydrate, 6700 kJ (1600 kcal) 
and 15g guar gum.
One portion (1/3 of to tal) provides 20g carbohydrate, 2200 k J (533 kcal) and 
5g guar gum.
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TABLE 4:2
Scale used for product assessm ent
Mark
Awarded
Range for 
mean values
Assessment
5 5 - 4 .6 Excellent
4 4 .5  - 3 .6 Good
3 3 .5  - 2 .6 M oderate
2 2 .5  - 1 .6 Poor
1 1 .5  - 1 U nacceptable
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4.3.2. D etection of guar flour in food
The recipe for cheese bisuits was modified so th a t a lOg carbohydrate 
portion provided either 4g (biscuit 4G) 5g (biscuit 5G) or 6g (biscuit 6G) 
guar gum.
Another group of diabetic patien ts assessed the overall acceptability 
of each biscuit. They then tasted  biscuits A l, A2 and A3 (equivalent to 4G, 
5G and 6G respectively) and indicated which one they preferred .
- 73 -
4.4 RESULTS
4.4.1. Pala tab ility  and accep tab ility  of foods incorporating guar gum flour
The cheese biscuits, pizza and egg and bacon flan w ere evaluated 
using the scale shown in Table 4.2. The frequency with which a grade was 
allocated to each aspect of each product is shown in Table 4.3 and the 
mean scores in Table 4.4.
Cheese biscuits - The biscuits were easy to make and the resulting tex tu re  
was short and crumbly. Thirteen of the 22 on the panel thought the overall 
accep tab ility  of the biscuits was good. Only one person found any aspect 
unacceptable and th a t was ta s te . Seventeen had eaten  cheese biscuits 
before and liked them . They tended to give lower scores than those who 
had not eaten them  before (Table 4.4). Two said th a t the biscuits tended to 
stick  to the ir tee th .
P izza - When making the scone base for the pizza it was essential to mix 
the milk in quickly. The dough had to be handled firmly and kneaded more 
than usual for a scone mix.
The panel as a whole considered the pizza to be m oderate. This 
judgem ent was unaltered when the group was subdivided according to 
w hether or not they had eaten  pizza before. None thought the ta s te  
excellen t but only one found it unacceptable. Sixteen thought the tex tu re  
was m oderate/poor compared to eight who gave these grades to cheese 
biscuits and nine who gave them  to  egg and bacon flan.
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TABLE 4.3
Frequency with which a grade was allocated to each aspect of the foods 
assessed by 22 patien ts
Cheese biscuits Pizza Egg & bacon flan*
Grade 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5
Appearance 
Taste 
T exture
0 2 8 10 2
1 1 5 11 4
0 1 7 10 4
0 6 6 8 2
1 0 14 7 0
0 5 11 6 0
0 3 7 10 1
0 3 10 6 2
0 3 6 10 2
TABLE 4.4
Mean value for acceptab ility  score of each food. A = All volunteers,
F = Those to whom product was fam iliar, N = Those who had never tasted  
the  product before.
Cheese biscuits Pizza Egg & Bacon flan*
A F N A F N A* F N .
Number of 
volunteers 22 17 5 22 10 12 21 16 5
A ppearance 3.7 3.4 4.0 3.3 3.0 3.5 3.4 3.5 3.2
Taste 3.7 3.6 4.2 3.2 3.2 3.3 3.3 3.5 3.0
Texture 3.8 3.7 4.0 3.0 3.0 3.1 3.5 3.7 3.2
O verall
accep tab ility 3.8 3.6 4.2 3.1 3.2 3.1 3.5 3.7 2.8
* 21 assessm ents only vegetarian abstained
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Egg and bacon flan - The pastry was extrem ely d ifficu lt to make. Once the 
w ater had been added to the flour and fa t m ixture the dough became very 
sticky and adhered to the hands, rolling pin and work surface.
None of the participants found any aspect of th e  flan unacceptable but one 
was vegetarian and therefore declined to assess it  because of its bacon 
content.
The overall acceptability  according to the res t of the panel was m oderate 
but the 16 who had eaten the product before classed tex tu re  and overall 
accep tab ility  as good.
4.4.2. Ability of diabetics to distinguish between cheese biscuits 
containing d ifferen t quantities of guar gum
Biscuit 4G (4g guar gum) was classified as good and biscuits 5G and 
6G as m oderate. When asked to indicate which of the three biscuits 
identical to 4G, 5G and 6G they preferred 11 out of 20 chose the one with 
the lowest concentration of guar gum (4g). Five out of 20 preferred  the 
one containing 5g guar gum and the  rem ainder (four) p referred  the biscuit 
providing the most guar gum (6g).
Fourteen of the 20 subjects chose as th e ir favourite biscuit the one 
with the sam e concentration of guar gum as the one they had previously 
judged to be most acceptable.
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4.5 DISCUSSION
4.5.1. P a la tab ility  and accep tab ility  of guar gum containing foods
Incorporation of 5g guar gum into a lOg or 20g carbohydrate portion 
resulted in an acceptable product in all th ree foods considered. The 
amount of guar gum in the final product was much higher than th a t 
achieved by Hill and Leeds (1979), 5g guar gum being incorporated into a 
portion of cheese biscuits providing IGg carbohydrate.
Furtherm ore, the cheese biscuits were the most acceptable of the 
th ree  products made. This could be because they were the m ost fam iliar of 
the foods but subdivision of the group showed th a t those who had not eaten 
them  before tended to give a higher score than those who had, possibly 
because they had no basis for com parison. The inclusion of guar gum in 
this recipe caused no culinary problems, prim arily because no liquid was 
needed. Hill and Leeds (1979) found tha t baked products which could have 
ex tra  w ater incorporated produced a m ore acceptable product than drier 
b iscuits which caused a cum ulative 'sticky ' m outh-feel. The cheese biscuits 
tended to do this and two of the panel com m ented th a t they stuck to the ir 
te e th .
Hill and Leeds (1979) also suggested th a t highly seasoned products 
may be m ore acceptab le  since strong flavouring may d istract a tten tion  
from impaired flavour. In the present study this was not so. P izza, which 
was liberally seasoned with oregano and basil was the  least popular 
product. It may have been too highly seasoned for some of the panel. 
There a re , however, other possibilities. P izza should ideally be served 
whole and piping hot. C ircum stances d ic ta ted  th a t the panel had to assess 
3cm square portions which w ere lukewarm . Even the  base of a normal 
pizza o ften  becom es soggy when allowed to cool! Under d ifferen t
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conditions both appearance and tex tu re  would have been b e tte r. Pizza has 
only relatively  recently  become a food item  readily available in the United 
Kingdom. The m ajority of the ta s te  panel were over the age of 55 years 
and, in general, people becom e more conservative about food with 
advancing age. Indeed 12 out of 22 had not eaten  pizza before. Subdivision 
of the group into those who had and had not eaten  pizza before did not 
however a lte r the score.
The egg and bacon flan was more popular amongst those who had 
eaten  it before. It is possible th a t the unfam iliarity  of the flan and not the 
presence of guar gum caused the group eating  i t  for the first tim e to give 
it a low score. The precaution was taken of calling the  item  by the more 
fam iliar te rm , egg and bacon flan and not quiche.
In this study the  pastry case of the  flan was not cooked before the 
filling was added. Several of the panel com m ented on the soggy base and 
la te r the recipe was modified and the  pastry case baked blind prior to 
sprinkling on the guar flour and adding the filling. This procedure as judged 
by ten  m em bers of s ta ff  a t the  University of Surrey resulted  in a b e tte r 
product.
The viscosity of the guar flour once i t  was mixed with liquid made 
both the scone and pastry bases d ifficu lt to prepare. Speed was of the 
essence, once liquid had been added, to prevent the dough adhering 
tenaciously to  all work surfaces. Since these products are  intended for the 
consumption of diabetics and should contain  a known am ount of 
carbohydrate it is not desirable to use excess flour to coat the working 
surfaces in an a ttem p t to prevent adherence. In order to re ta in  a workable 
dough only half the guar flour was added. The rem ainder was sprinkled
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onto the prepared base through a fine mesh stra iner. It was essential th a t 
the s tra iner be kept near the surface to be covered to prevent dispersion of 
the  fine guar flour and be kept absolutely dry to prevent the guar flour 
sticking to the stra iner. These procedures required ex trem e dex terity , not 
always found in elderly people. Many of the  panel and indeed many NIDDM 
patien ts would have found it very d ifficu lt to prepare these products.
There were two o ther main problem s encountered. If individual 
portions were being prepared kitchen scales are not sensitive enough to 
accurately  weigh 5g guar flour. However, if some degree of freedom  is 
accep tab le  i t  would be possible to m easure the guar on a regular basis using 
household m easures i.e. 2 tsp = 5g guar flour.
Once guar flour is wet i t  becom es very sticky and this made washing 
up an arduous task.
4.5.2. Guar gum detection
Eleven of the tw enty who sampled the cheese biscuits containing 
d ifferen t quantities of guar gum preferred  the  one with the lowest 
concentration  (4g guar gum in a lOg carbohydrate portion). Nine of these 
correctly  m atched the ir favourite biscuit. This tends to indicate th a t the 
less guar gum incorporated the b e tte r  from the point of view of 
palatab ility . However, th e re  is obviously some individual variation because 
five p referred  the in term ed iate  concen tration . Three of these m atched it  
correctly  and two of th e  four p referring  the highest concentration m atched 
it  co rrectly . It is d ifficu lt, on the opinion of so few, to confirm  w hether 
such a sm all difference in concentration  as Ig or 2g can be accurately
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detected  but since 70% of the sample chose as the ir favourite biscuit the 
one with the same guar gum concentration  on two occasions it is not 
unreasonable to suggest th a t it is possible.
4.6 CONCLUSION
Although these tria ls  have shown th a t guar gum can be added to 
baked foods without making them  universally unacceptable it has 
highlighted the p ractica l problem s of preparing such foods containing guar 
gum. Subjects in terested  in cooking and m otivated to take guar gum on a 
regular basis could find this mode of incorporating guar gum into the diet 
useful. However, in order to achieve com pliance in a long te rm  tria l it 
woi^d appear th at th e most likely means of success is to provide the 
subjects with a ready to ea t food which has already been supplem ented 
w ith guar gum. Guar gum supplem ented bread is easy to  make, sto re  and 
provide to the subjects and was th e re fo re  chosen for use in th e  long term  
study of the e ffec t of guar gum supplem entation in NIDDM subjects.
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CHAPTER FIVE
The e ffec t of eight weeks daily d ie tary  supplem entation with 25g guar gum on 
the  m etabolic profile of non insulin dependent diabetics.
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5.1 INTRODUCTION
Non insulin dependent diabetics may be controlled by d ietary  
m odification, or require in addition oral hypoglycaemic therapy. Oral 
hypoglycaemic drugs fall into two categories; sulphonylureas and 
biguanides.
The sulphonylurea drugs, tolbutam ide, chlorpropram ide and the more 
recently  developed glibenclam ide, cause, on acute adm inistration an 
increased secretion of insulin and degranulation of the 3 cells  of the 
pancreas. Chronic adm inistration however, causes decreased insulin 
synthesis and secretion and it  has been suggested th a t chronic 
sulphonylurea therapy a lters  th e  plasm a membranes of cells to increase 
th e ir  responsiveness to insulin action, perhaps by increasing the number of 
insulin recep tors (Lebovitz and Feinglos, 1978). The hypoglycaemic action 
of all sulphonylureas requires the presence of endogenous insulin because 
no e ffec t is seen on adm inistration to pancreatectom ised animals or insulin 
dependent diabetics. The efficacy and safe ty  of sulphonylureas has been a 
m a tte r of widespread concern since 1970 when the  University Group 
D iabetes Program m e (U.G.D.P.) published a report suggesting tha t 
tolbutam ide therapy as well as being no more effective than diet alone in 
the  trea tm e n t of d iabetes maybe associated with an increased 
cardiovascular m ortality  (U.G.D.P., 1970). Although the  conclusions are  
not in accordance w ith other workers findings (Drury and Timoney, 1972), 
they have apparently  affected  the  prescribing patterns in some diabetic 
clinics (Timoney, 1979).
The mechanism for the hypoglycaemic action of the biguanides is 
unknown. It is not caused by an increase in insulin secretion  although a 
ce rta in  quantity  of endogenous insulin is a prerequisite  for the ir
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the rapeu tic  e ffe c t (Hermann, 1979). The mode of action is probably 
m ultifacto ral and the following m echanisms are considered im portant: 
increased muscular glucose uptake, decreased gluconeogenesis and 
decreased in testinal glucose absorption.
There is an association betw een phenformin and lac tic  acidosis and 
th is has led to its  w ithdrawal in many countries. In Finland, neither 
phenform in nor m etform in are prescribed unless other trea tm en ts  are 
unsatisfactory  (Siitonen e t al. 1980). M etformin associated lac tic  acidosis 
is ra re . Although it  can cause gastro in testinal problems in some patien ts 
the advantages of m etform in include the  tendency to prom ote weight 
reduction and its  seeming inability to  cause significant hypoglycaemia. In 
appropriate doses it reduces plasm a glucose levels to  within but not below, 
th e  normal range (Hermann, 1979).
W hatever the degree of benefit of oral hypoglycaemic agents in 
m anagem ent of NIDDM it is obvious th a t the doubts surrounding the ir 
sa fe ty  and effectiveness make i t  worthwhile to try  and find a lte rna tive  
means of achieving glucose hom eostasis.
Kiehm e t al. (1976) were able to discontinue sulphonylurea trea tm en t 
in five men by increasing th e ir  carbohydrate intake to provide 75% to ta l 
energy and providing 15g crude fibre/day . Anderson and Ward (1978), 
trea ting  10 patien ts, w ere able to withdraw insulin therapy from  five and 
sulphonylurea therapy from th ree  following in itiation of a high 
carbohydrate, high fibre diet. Jenkins e t  al. (1979c) also reduced insulin or 
oral hypoglycaemic requirem ents in 11 pa tien ts  by giving an average of 18g 
guar gum a day. The m ajor change occurred during th e  firs t month but 
sm all reductions in insulin dose were possible up to 12 weeks a fte r  the s ta r t
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of guar gum consumption. They suggest the effec t of guar gum is 
progressive, substantiated  by the ir findings th a t urinary glucose |
concentration was only significantly reduced a fte r three days of guar gum !
adm inistration (Jenkins e t 1978b). I
These sam e workers have also shown a 'carry-over' phenomenon 
associated with guar gum trea tm en t. They found significantly lower 
urinary glucose levels on the two days im m ediately a f te r  the end of guar 
gum therapy com pared to the following th ree days. The effec t of 
combining guar gum with one meal also affected  the m etabolic response to 
a guar free  meal taken four hours la te r  (Jenkins ^  1979d and 1980b).
Such an e ffec t would be of g rea t benefit as i t  would obviate the need to 
take guar gum in tim ately  mixed with each meal.
The assessm ent of m etabolic control of NIDDM subjects can be 
carried  out in several ways. Some m ethods are convenient but unreliable, 
such as m easurem ent of random plasm a glucose, fasting plasm a glucose and 
urinary glucose levels. O ther m ethods a re  less convenient and are  tim e 
consuming but provide more detail of the m etabolic s ta te . These methods 
include m easurem ent of plasm a glucose, insulin and G P  response to a 
glucose load or mixed meal and m easurem ent of 24h urinary glucose 
output.
More recen tly  glycosylated haemoglobin level estim ation has 
received considerable attention* The percentage of glycosylated 
haem oglobin (HbA) has been shown to re fle c t the in tegrated  plasm a glucose 
level over the  preceding eight weeks (A lbutt e t  1981). Glycosylated : 
haem oglobin refers to a series of com ponents of haemoglobin A which are 
form ed by its com bination with glucose or glucose phosphates a t the  N
I- 84 - !
term inus of the 3 chain. They include HbA^^ HbA^|^ and HbAj^, although 
HbAj^^ is the major com ponent. The reaction  is a slow one which occurs 
throughout th e  lifespan of the ery throcy te  and the quantity form ed is 
governed by the plasm a glucose concentration (Gonen e t al. 1977). In 
norm al individuals it is present as 3-5% to ta l haemoglobin but patien ts  with 
diabetes have been reported to have levels within the range 6-15% (Ceram i 
and Koenig 1978).
Although long term  tria ls  have been carried out incorporating guar 
gum into the diet of diabetics the resu lts  are not in agreem ent. These 
d iscrepancies may, in p a rt, be due to the various types of diabetics 
involved in the  study or, m ore likely, to the param eters m easured to  
ascerta in  m etabolic control. Maint ai nan ce of plasm a glucose within the 
norm al range is an im portant aim in diabetic therapy and can now be 
monitored more effic ien tly  by the m easurem ent of glycosylated 
haemoglobin over a t least a four week period.
5.2 AIMS
P art of the aim of this study was therefore to provide guar gum at 
each m eal for an eight week period to  a group of NIDDM subjects and 
m onitor its e ffec t on glucose hom eostasis by measuring fasting plasm a and 
urinary glucose levels and to gain a more accu ra te  picture of long te rm  
e ffe c ts  by measuring glycosylated haemoglobin. If results indicated an 
im provem ent, oral hypoglycaemic therapy was to be reduced or withdrawn.
In NIDDM subjects assessm ent of serum lipid profile may be as 
im portan t as assessm ent of plasm a glucose profile because these patien ts 
are particularly  prone to cardiovascular disease.
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The ability of guar gum to reduce risk factors for CVD, namely serum 
cholesterol levels has been studied but serum  LDL cholesterol levels, 
considered one of the most im portant indicators of risk, have received 
little  a tten tion  in studies involving NIDDM subjects and v/ere therefo re  
measured and compared to HDL and to ta l serum cholesterol level changes.
Because there  is no inform ation on the carry over e ffec t of a period 
of guar gum supplem entation a guar free meal was given before and a fte r  
the supplem entation period and the plasma glucose, im m unoreactive insulin 
and im m unoreactive GIP response com pared.
5.3 MATERIALS AND METHODS
Seven NIDDM subjects (five male and two fem ale) partic ipa ted  in the 
study (see Table 5.1). They w ere aged betw een 30-76 years and the ir mean 
w eight was 104 + 3% (mean + SEM) ideal body weight for height 
(M etroplitan Life Insurance Company). The subjects were all receiving oral 
hypoglycaemic therapy and the need for any m odification in dose was 
monitored throughout the study,
5.3.1. Long te rm  study
A detailed diet history was taken from each subject and th e ir usual 
energy and carbohydrate intake assessed using McCance and Widdowson’s 
food tables edited by Paul and Southgate (1978). The diet history was also 
used to provide each subject with guidelines for incorporating the guar gum 
supplem ented bread into the ir d ie t w ithout altering e ither th e ir to ta l 
carbohydrate and energy intake or the  distribution of carbohydrate 
throughout the day. Subjects were asked to ea t daily half a loaf of the 
guar gum supplem ented bread which is described in C hapter 2. The 
supplem entation continued for an eight week period. On the first day, a t
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two weekly intervals and two weeks a fte r term inating the guar gum 
supplem ented regim en blood was taken from each subject following an 
overnight fast. Their body w eight was also recorded a t these tim es. 
Im m ediately before they s ta rted  and on com pletion of guar gum 
supplem entation subjects provided a to ta l 24h urine collection which was 
collected  into a p lastic  container into which 10ml concentrated  
hydrochloric acid had been added to a c t as a preservative.
5.3.2. Test meal
On the first and last day of the study period each subject fasted 
overnight. They cam e to the  investigation unit and w ere given a te s t meal. 
The composition of the meal is given in Table 5.2. It was identical on both 
occasions and did not contain guar gum.
Blood was taken before and a fte r the  meal as described in C hapter 2.
5.3.3. Sample Analysis
All fasting blood samples, including those taken prior to the te s t 
meals were analysed for glycosylated haemoglobin, plasm a glucose, 
im m unoreactive GIP and serum cholesterol and trig lycerides by the 
m ethods described in C hapter 2. The sam ples taken before and a f te r  each 
te s t meal were analysed for plasm a glucose, im m unoreactive insulin and 
im m unoreactive GIP.
S ta tis tica l analysis was carried  out using the methods described in 
C hapter 2.
TABLE 5.2
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Composition of Mixed Meal
Wt
(g)
CHO(g) kcal
Energy
kJ
Tomato soup 298 28.3 220 920
Egg 50 - 74 309
Milk 100 4 .7 65 272
Bread 60 31.8 145 606
B utter 10 - 74 309
TOTAL 64 .8 578 2416
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5.4 RESULTS
5.4.1. Making and distributing the guar gum supplemented bread 
When the yeast solution had been added to the  flour m ixture a very
sticky dough form ed which was d ifficu lt to knead. To ensure even 
distribution of guar gum between the two loaves care  had to be taken th a t 
the dry ingredients were thoroughly mixed before the yeast solution was 
added.
The ta s te  and tex tu re  of the bread were unaffected by freezing:,
5.4.2. A cceptance and to lerance
Seven NIDDM subjects em barked upon this study. One withdrew 
afte r four weeks due to distressing abdominal distension and flatu lence. 
He underwent a te s t meal a t this tim e and returned two weeks la te r  to 
provide a fasting blood sam ple and his resu lts  a re  included. The remaining 
s ix  subjects initially suffered flatu lence and some abdominal distension 
but these effec ts  were transien t. They did however find the bread filling. 
One subject found i t  d ifficu lt to ea t her daily quota as she had a small 
appetite  but another was delighted because she normally o ften  fe lt hungry. 
Throughout the tria l the subjects were able to consume the specified half a 
loaf daily and m aintain a constant body weight.
5.4.3. E ffect of guar gum supplem entation on fasting blood levels 
The e ffec t of the regim en on m ean fasting plasm a glucose levels is
shown in Figure 5.1.
The p re-tria l mean fasting plasm a glucose concentration of the seven 
subjects was 7.9 + 1.74 m m ol/L and ranged between 8.1 + 1.6 - 8.8 + 2.0 
mmol/L during the tria l period (p = n.s.). Two weeks a fte r the
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supplem entation ceased the  fasting mean plasma glucose concentration  was 
7,7 + 1.5 mmol/L.
The mean fasting plasm a GIP concentrations are shown in Figure 5,2. 
P rior to  the guar gum supplem entation i t  was 307 + 70 pg/m l and did not 
a lte r  significantly during or in the two weeks following the tria l.
The p re -tria l mean glycosylated haemoglobin level was 12,5 + 2% of 
to ta l haemoglobin. In Figure 5,3 this has been taken to represen t 100% to 
illu stra te  the percen tage fall in mean glycosylated haemoglobin throughout 
the study period. The mean percentage decrease becam e significant a f te r  
four weeks on the guar gum supplem ented regim en (p < 0,05), A further 
four weeks caused a g rea te r decrease (p < 0,01) and two weeks a fte r  
supplem entation ceased th e  low est concentration was achieved (85% of 
s ta rtin g  value p < 0,01),
The e ffe c t of the regim en on mean serum lipid levels is shown in 
Figure 5.4. The mean to ta l serum  cholesterol level (initially 5.08 + 0,35 
mmol/L) fell throughout the tr ia l. This was significant a f te r  two and eight 
weeks (p < 0,05), When the subjects had been w ithout guar gum for two 
weeks the mean serum cholesterol rose above presupplem entation levels 
(5.4 + 0.5 mmol/L). The reduction in mean to ta l serum cholesterol levels 
during the  tria l was due, alm ost en tirely , to a reduction in the LDL 
fraction . The m ean LDL cholesterol level fell gradually from 3.1 + 0,34 
m m ol/L to 2,3 + 0,15 mmol/L (p < 0.05) but two weeks la te r had returned 
to the p re -tria l concentration.
Although the mean HDL cholesterol concentration was not 
significantly altered  throughout the study the rela tive amount of to ta l
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GUAR GUM SUPPLEMENTATION (weeks)
F igure  5 .3 . E ffe c t o f guar gum on f a s t in g  g ly c o sy la te d  haemoglobin 
le v e ls  (mean ± SEN) in  NIDDM su b je c ts  (n=7).
* P < 0 .0 5 : ** P < 0 .0 1 .
94 -
O u
00
o
z:UJ
Q_eu
CD
O
OCD
IIc
co4->UO)•>-D
JD3
( /)
QQ
c
nJi4_
CO
E
3e n
CM
CD
C D
\ /
O u
-K
ir>
C D
Q _
4(
eu
■ a
L
O)
u
> >
S-
4->
4->
L U  O  to +j
4-1 C9l
2eu
-Mt /)eu
o
J Zu
CL z c
3 1—C. o  eu C- en eu 
+->en en c  eu
-M o
U
□
S- o  fO c. 3  eu en +->l/leu<4-o
+->o
O)4-
4 -
U J
euc.3D1
OJZ
o
E3i_eu
fO4-Jo
(1/Louiiu) s a i d n  wnw3s
- 95 -
cholesterol present in the HDL fraction rose from 27.3 + 3.5% to 32.2 + 
4.1%. In addition the ra tio  of LDL to  HDL cholesterol and to ta l to  HDL 
cholesterol were reduced (Table 5.3). Mean serum trig lyceride levels were 
unchanged throughout the study period.
Individual 24h urinary glucose outputs before and a fte r  the study are 
shown in Table 5.4. Three subjects showed no urinary glucose loss before 
or a fte r  guar gum supplem entation. One had a 40% increase and the other 
th ree  showed decreases betw een 17 - 75% following guar gum 
supplem entation.
5.4.4. Response to te s t m eals
The e ffec t of guar gum supplem entation on the increm ental changes 
in the mean plasm a glucose response to  a guar free mixed m eal is shown in 
Figure 5.5. Test meal 1 re fe rs  to the meal prior to supplem entation and 
te s t m eal 2 to the same meal taken im m ediately afte r the supplem entation 
period.
The initial e ffec t on mean plasm a glucose levels was sim ilar but 
th ree  hours a fte r the meal the increm ental change was significantly closer 
to fasting  levels following te s t meal 2 (p < 0.05) a t  180 minutes.
Mean post prandial plasm a insulin levels were sim ilar for the  firs t 
hour a fte r  each m eal. They w ere lower for the next two hours a f te r  te s t 
m eal 2 but th is was only significant 80 m inutes a fte r the m eal (p < 0.05) 
(Figure 5.6).
The e ffec t of the m eals on mean post prandial GIP levels is shown in 
Figure 5.7. The response was increased during the first hour a fte r  te s t 
meal 2 and the area under the mean plasm a GIP response curve for the
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TABLE 5.4
The e ffe c t of guar gum supplem entation (25g/day) on 24h urinary glucose excretion 
in seven NIDDM subjects
Subject
Presupplem entation 
urinary glucose 
g/24 hr
Imm ediately 
following supplem entation 
urinary glucose 
g/24 hr
% change
J.B. 61 85 +40
P.B.C. 55 23 -59
K.E. 114 95 -17
D.G. N.T. N.T. -
L.G. N.T. N.T. -
J.S . 29 7 -75
E.T. N.T. N.T. -
N.T. - not de tec tab le
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first 80 m inutes was significantiy g rea te r com pared with te s t meal 1 (p < 
0.01).
The results were not considered to show sufficiently  improved 
m etabolic control in any subject to w arren t discontinuation of, or reduction 
in, oral hypoglycaemic therapy.
5.5 DISCUSSION
5.5.1. Feasibility of using guar gum in the d iabetic  diet
There are several m ethods available for incorporating guar gum into 
the  d ie tary  regim en of diabetics as described in Chapters 3 and 4. On the 
basis of those findings it was decided to  use bread as the vehicle for guar 
gum supplem entation in this tr ia l. Making the bread was rela tively  easy 
but tim e consuming and although it froze well subjects found th a t i t  w ent 
mouldy quickly and it  had to be re frigera ted . This is con trary  to the 
experience of Apling e t  (1977) who found guar gum containing bread 
went s ta le  much less rapidly than ordinary bread.
D espite recen t trends in favour of homemade bread few people 
routinely bake the ir own and the subjects in this study were 
unwilling/unable to do so. However because the bread could be frozen they 
w ere able to co llect a two week supply a t each hospital visit. This was a 
viable procedure for the eight week tria l but it is unlikely th a t such a 
routine could be continued indefinitely. This casts doubt on the 
p rac tica lity  of providing guar gum to the  general diabetic population in the 
form of a bread mix.
A further drawback encountered was the need to consume 90g 
carbohydrate and 430 kcal a day in the  form  of bread. This lim ited the
-  1 0 2  -
subject's choice of o ther foods. The bread provided between 50 - 75% of 
the to ta l daily carbohydrate allowance of the subjects and they found bread 
with every m eal and snack monotonous. In order to avoid monotony it 
would be desirable to provide a varie ty  of foods containing guar gum.
While the problem of incorporating guar gum into the diet has to 
some ex ten t been overcom e the adverse side effec ts  persist. They are 
reported  in every tria l although the degree of emphasis placed upon these 
varies. In the present study six subjects initially experienced minimal 
fla tu lence and abdominal distension, which ceased to be troublesom e a fte r 
a few days. This is in accordance w ith other reports (Aro e t W. 1981; 
Jenkins e t  al. 1978b and Stokholm e t  1981), One of the subjects in this 
tr ia l had side e ffec ts  which were severe enough for him to  withdraw a f te r  
four weeks. This is not uncommon. Cohen e t  (1980) had th ree  subjects 
w ithdraw im m ediately. Two others suffered nausea, flatu lence and 
feelings of sa tie ty  and were only able to continue on a reduced intake of^ 
15g guar gum a day. Flatulence is reported  as an adverse side e ffe c t in 
every study but there  appears to be an individual variation as to w hether 
diarrhoea or constipation is caused by taking guar gum. None of the 
subjects in the present study w ere troubled by either.
If the side e ffec ts  of taking guar gum are transien t then the pa tien t 
can be warned w hat to expect and reassured th a t this is norm al and will 
soon pass. Those who appear particu larly  sensitive to the side e ffec ts  of 
guar gum consumption should not consider it  a viable therapy w hatever the 
possible benefits.
During the eight weeks th a t the subjects took 25g guar gum daily 
the ir weight rem ained stable. Botha e t  (1981) reported weight gain in 
th ree subjects and Smith e t al. (1982) achieved significant weight reduction
- 103 -
in the ir subjects. They were however IDDM subjects and no report of 
w hether or not they modified th e ir  food intake is given. Guar gum has 
been reported to delay, not im pair nu trien t absorption (Jenkins e t al. 
1978a; C ocket e t  1978 and Leeds e t  al. 1978) and thus a weight loss 
should not be expected, provided energy intake remains constant. However 
in those subjects who experience feelings of fullness and early sa tie ty  when 
taking guar gum a reduced food intake and accompanying weight loss could 
occur. Evans and Miller (1975) showed th a t lOg guar gum taken in two 
equai doses during the day for one week was as effective  as methyi 
cellulose in reducing appetite  and achieving weight loss in obese and non- 
obese subjects. However the w eight loss achieved with e ither substance 
was not dram atic and guar gum would be of dubious value as p art of a 
w eight reduction regim en.
5.5.2. Response to long te rm  guar gum supplem entation
The reports in th e  lite ra tu re  of the studies of the e ffec t of long te rm  
guar gum supplem entation on fasting  plasm a glucose levels initially seem  
conflicting. Some discrepancy can be accounted for by the variation in 
regim en followed and the type of d iabetic partic ipating  (NIDDM or IDDM).
In the present study the subjects w ere all NIDDM receiving oral 
hypoglycaem ic therapy. Guar gum supplem entation had no significant 
e ffec t on mean fasting plasm a glucose levels throughout the study which 
substan tia tes other results (KyllSstinen and Lahikainen 1981). Aro e t  al.
(1981) however achieved a significant reduction in fasting plasma glucose 
concentrations in nine NIDDM a fte r  th ree  months (21g guar gum a day) and 
Smith e t  (1982) a fte r  two weeks on 9.15g guar gum a day. A fter one 
week on 12g guar gum a day 10 NIDDM had non significantly lower fasting 
plasm a glucose concentrations (Stokholm e t al. 1981). These subjects had
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however been taken off th e ir oral hypoglycaemic therapy prior to the study 
in order to establish glycosuria and adaptation to this may well have 
affected  the ir response to guar gum. It is obvious th a t methods must be 
carefully  studied when in terpreting  reported results. The subjects taking 
p a rt in the present study were m aintained on the ir usual drug regim en 
throughout because there  was no reduction in plasm a glucose levels as 
shown in Figure 5.1. Hockaday e t al. (1979) pointed out th a t the principle 
postulated action of guar gum is to e ffec t a reduced absorption ra te  of 
nu trien ts from the small bowel w ithout causing m alabsorption and 
therefo re  it is unreasonable to expect a reduced fasting plasm a glucose 
level. However, if due to delayed absorption a fte r  each meal the pancreas 
was less stressed, it is possible th a t it  could secre te  suffic ien t insulin to 
reduce the fasting plasm a glucose level and allow w ithdrawal of oral 
hypoglycaemic therapy. Hockaday e t al. (1979) also defended the use of 
urinary glucose concentration  as a means of assessing d iabetic control. 
They m aintained th a t it  accurately  re fle c ts  a lterations in post prandial 
plasm a glucose concentration . C arroll e t al. (1981) disagreed because they 
consider comparisons betw een subjects to  be of little  value due to  large 
individual variation in renal threshold. In the present study 24h urinary 
glucose excretion before and a fte r  supplem entation was com pared in each 
subject and therefore this problem does not arise. Three subjects did not 
exhibit glycosuria. Although Stokholm e t  W. (1981) withdrew oral 
hypoglycaemic therapy from th e ir subjects in order to in itia te  glycosuria 
prior to this study, it  was not considered justified here. The changes found 
in urinary glucose output before and a f te r  supplem entation are 
inconclusive. In re tro sp ec t m ore frequent 24h urinary collections would 
have been useful in determ ining individual variation in urinary glucose 
excretion and establishing the existence of a trend towards reduced glucose 
excretion.
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Even though fasting plasm a glucose levels were unchanged and 
changes in 24h urinary glucose outputs were inconclusive there may well 
have been an e ffec t on plasm a glucose concentration throughout the day. 
It has been shown th a t following a mixed meal containing guar gum the 
post prandial plasma glucose curve is f la tte r  (Morgan e t 1979). It is 
possible therefo re  th a t when diabetics take guar gum regularly with all 
m eals there is less fluctuation in plasm a glucose levels throughout the day. 
Some indication th a t this occurred is provided by the glycosylated 
haemoglobin levels. The m easurem ent of HbA^^ provides an indirect 
means of assessing the m ean plasm a glucose concentration over the  life 
span of the red blood cell. The subjects in this tr ia l initially had a mean 
percentage HbA^^ of 12.5 + 2% with a range 9.5 - 21.7%. The percentage 
decrease was significant from the  fourth  week of the  tr ia l onwards. This 
could be because the more recen tly  produced red blood cells were exposed 
to lower post prandial plasm a glucose levels and therefore glycosylation 
was reduced. Such an e ffe c t would only show when a considerable number 
of the existing ery th rocy te  population reached the end of the ir life  span. 
This hypothesis is consistent with the  present findings th a t mean HbA^^ 
levels continued to fall as the study progressed and for two weeks a fte r 
guar gum supplem entation ceased.
KyllSstinen and Lahikainen (1981) have since carried  out an eight 
week tria l in which they found no change in mean HbA^ levels. They were 
only providing 16g guar gum a day. However on a sm aller d o se(9 .1 5 g ) 
Smith e t  (1982) have achieved a significant reduction in HbA^^ in 
NIDDM subjects (p < 0.05) in only two weeks. These d ifferences could be 
a ttribu tab le  to the  form  in which guar gum was adm inistered (granules and 
biscuits respectively). It was shown in Chapter 3 th a t a particu lar granule 
form ulation of guar gum had li ttle  therapeu tic  e ffect. O ther form ulations
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may be similarly less po ten t than guar gum incorporated into foods. The 
reduction in mean percen tage HbA^^ seen in this study a f te r  four weeks of 
guar gum supplem entation lends support to the hypothesis th a t the rise in 
post prandial plasm a glucose levels is lower following meals containing 
guar gum than a f te r  meals w ithout its  presence.
It has been suggested th a t measuring the partition of to ta l serum 
cholesterol betw een the LDL and HDL lipoproteins is of more im portance 
in determ ining the risk for coronary h eart disease than relying on to ta l 
serum  cholesterol m easurem ents and Kannel and Castelli (1979) suggest the 
m ost favourable response to any therapy is an im provem ent in LDL/HDL 
and total/H D L cholesterol ra tios, the la tte r  being ideally below 3.5.
Although the  mean to ta l serum  cholesterol level was within the 
norm al range (3.9 -7.8 mmol/L) prior to the tria l, a significant decrease 
was still achieved. This was associated with lowering of the  LDL/HDL 
ra tio  and the total/H D L cholesterol level which fell from 4.0 to  3,3. This 
brought the  la tte r  below the recom m ended level suggested by Kannel and 
C astelli (1979). In accordance with KyllSstinen and Lahikainen (1981) the 
re la tive  am ount of cholesterol present in the  HDL fraction was increased.
It is unlikely th a t the reduced m ean serum to ta l and LDL cholesterol 
levels are secondary to reduced energy intake and/or w eight reduction 
since the subjects in this study did not lose weight. Although the ir d ietary  
in take was not accurately  m easured dietary  recall showed th a t they did not 
reduce th e ir daily energy consumption.
Three possible mechanisms to explain the action of d ietary  fibre on 
blood cholesterol levels have been proposed by Anderson and Chen (1978);
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altered  in testinal handling of cholesterol, altered  hepatic metabolism  of 
cholesterol and/or a ltered  peripheral metabolism  of lipoproteins. 
M iettinen and Tar pila (1977) support the hypothesis of increased excretion 
of cholesterol in bile acids.
The mechanisms by which guar gum is able to exert an e ffec t on 
serum  cholesterol levels needs fu rther investigation since it is clear th a t 
the e ffec t is a beneficial one.
5.5.3. Response to a mixed meal before and a fte r  guar gum 
supplem entation
A fter two months supplem entation with guar gum the mean post 
prandial glucose response to  a te s t m eal, eaten  12h a fte r the  la st guar gum 
dose was not significantly improved for two hours a f te r  the m eal. During 
the third hour mean plasm a glucose and insulin levels w ere lower (Figure 
5.5) compared to the pre-supplem entation meal but this was 
unaccompanied by differences in plasm a GIP levels. It is unlikely this 
e f fe c t could be due to guar gum rem aining in the gut as this would have 
affected  absorption ra te  and thus the initial post prandial glucose level. 
This is in accordance with Jenkins e t (1979b) who showed guar gum, 
taken just two m inutes before a glucose drink was ineffective com pared to 
its  adm inistration in the drink. However they also showed (Jenkins e t al^ . 
1980b) th a t when two glucose drinks w ere taken four hours ap a rt addition 
of guar gum to the first m arkedly reduced the rise in blood glucose levels 
a f te r  the subsequent guar free  drink (0*120 mins). In the present study this 
carry  over e ffec t was not evident 12h a f te r  guar gum.
Since there  was no sig ificant increase in insulin secretion  the 
beneficial e ffec t seen in the present study is probably due to to enhanced
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glucose uptake by peripheral tissue caused by increased sensitivity  to 
insulin. This is m ore likely to be caused by the progressive e ffec t of guar 
gum supplem entation than a carry  over phenomenon since Smith e t al.
(1982) have since found a weeks suppiem entation with guar gum had no 
e ffe c t on the mean plasma glucose response to a guar free te s t meal.
The differences seen in post prandial mean plasma GIP levels two 
hours a fte r  the meal before and a fte r  the supplem entation period are 
d ifficu lt to explain in relation to  the  m ean plasma glucose and insulin 
levels. Guar gum incorporated into a meal has been shown to reduce post 
prandial GIP levels in both norm al, IDDM (Morgan e t 1979) and NIDDM 
subjects (Chapter 3). Following two months guar gum supplem entation, the 
initial GIP response to a guar free  m eal was significantly increased. It is 
possible th a t during the supplem entation period the ra te  of absorption of 
nu trien ts a fte r each meal was reduced and since GIP release is dependent 
upon absorption of nutrients the need for the K cells to release GIP was 
diminished. This allowed tim e for accum ulation of GIP within the  cells and 
when the firs t guar free  meal was ea ten , being more rapidly absorbed than 
guar gum containing meals the  K cells w ere able to respond to the stim ulus 
by secreting  significantly more GIP. However there appeared to be no 
benefit in term s of increased insulin secretion .
The results of this study indicate th a t regular consumption of guar 
gum can be of some benefit to  the m etabolic profile of NIDDM subjects as 
assessed by th e ir  glycosylated haemoglobin level and serum lipid levels, but 
insufficient to allow withdrawal of oral hypoglycaemic agents. In addition, 
the  response to a guar free meal taken 12 hours a fte r supplem entation 
ceased and m easurem ent of serum  lipid levels two weeks la te r  emphasise 
the lack of carry  over e ffec t and the need for chronic consumption of guar 
gum for efficacy.
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CHAPTER SIX
The e ffec t of guar gum on alcohol absorption 
and alcohol induced hypoglycaemia
-  1 1 0  -
6.1 INTRODUCTION
The addition of guar gum to a meal has been shown to smooth the 
post prandial plasma glucose curve by reducing peak values and preventing 
the  fall below fasting often  seen when a predom inantly carbohydrate meal 
is eaten (Jenkins e t 1978a). The ingestion of large amounts of glucose is 
o ften followed by a transien t fall in plasm a glucose levels below fasting 
(Folin and Berglund, 1922) and in some otherw ise healthy individuals the 
nadir coincides with, and is responsible for, acu te  neuroglycopenic 
symptoms. These sym ptom s, due to  rebound hypoglycaemia, are generally 
mild and of short duration (10-15 m inutes) and rebound hypoglycaemia is 
the  normal physiological response to  glucose and starch  ingestion. It 
represen ts the brief period during the  absorptive and post-absorptive phase 
when glucose assim ilation by all the  body tissues exceeds the ra te  of 
glucose input into the body pool from both the gastro in testinal tra c t and 
th e  liver (Marks and Rose, 1981),
Alcohol has the capacity  to  increase insulin secretion in response to 
an oral glucose load and so enhance the natural tendency to develop 
rebound hypoglycaemia. This e ffe c t has been shown in normal subjects who 
have consumed a m ixture of alcohol and sucrose, such as gin and tonic, on 
an em pty stom ach and then refrained  from eating for a few  hours 
afterw ards (O'Keefe and Marks, 1977). Between 10-15% of healthy subjects 
develop rebound hypoglycaemia and acu te  neuroglycopenic symptom s under 
these  circum stances. Food does not necessarily p ro tec t against the 
hypoglycaem ia induced by alcohol because consumption of a meal 
comprised mainly of easily digestible carbohydrate such as cooked starch  
e.g . bread may hasten and exacerbate  the hypoglycaemia.
Some symptoms of hypoglycaem ia, namely lack of coordination and 
difficu lty  in speaking articu la te ly  can easily be confused with the
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symptom s of alcohol intoxication. They can oniy be measured on a 
subjective scale but can be corre la ted  with blood alcohol and plasm a 
glucose levels to provide some indication of th e ir cause. O ther symptoms 
such as sleepiness, coldness and a feeling of misery are more likely to  be 
a ttribu tab le  to hypoglycaemia.
The inclusion of guar gum in a high carbohydrate meal given with 
alcohol may, by smoothing the post prandial plasma glucose curve, 
am elio ra te  the rebound hypoglycaem ia in susceptible subjects. In addition, 
since it reduces the post prandial plasm a glucose levels following a liquid 
meal (C hapter 3) it may sim ilarly  reduce post prandial blood alcohol levels.
6.2 AIMS
1) To record the occurrence of hypoglycaemia following the 
consumption of alcohol and a sucrose containing drink i.e . gin and 
tonic, in conjunction with a high carbohydrate snack, sim ilar to many 
bar snacks.
2) To measure the e ffe c t of inclusion of guar gum in the snack on post 
prandial plasma glucose and blood alcohol levels.
3) To record symptoms a ttrib u tab le  to raised blood alcohol levels and/or 
hypoglycaemia, already described, and co rrelate  them  with blood 
alcohol and plasm a glucose levels.
6.3 MATERIALS AND METHODS
Six healthy volunteers aged betw een 24-34 years, none of whom were 
known to  be heavy drinkers, partic ipa ted  in the study.
The composition of the meal and drink is shown in Table 6.1. Each 
subject consumed the meal (8 cheese scones each weighing 15g) and drink
TABLE 6.1
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Composition of Cocktail and Scones
Energy
Wt(g) CHO(g) (kcal) kJ
Ethyl alcohol 50 - (350) 1470
Schweppes tonic 
w ater
700 40 (160) 670
* cheese scones (8) 120 73 (530) 2220
TOTAL 113 (1040) 4360
* Scon es used in the te s t m eal provided, in addition, 14.5g guar flour
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(50ml ethyl alcohol made up to 750ml with tonic w ater (Schweppes), tw ice, 
with an interval of a week betw een each occasion. On one of these 
occasions the scones were supplem ented with 14.5g guar flour.
On study days the subjects a te  breakfast between 0700h-0800h and 
th e re a f te r  fasted and perform ed th e ir usual morning activ ities. The 
procedure im m ediately before and during the te s t meal is described in 
C hapter 2,
A t 1300h subjects consumed one scone and approxim ately 110ml 
alcohol and tonic every eight m inutes for an hour. These conditions were 
chosen to mimic those of a lunchtim e drink. Blood was collected  
im m ediately prior to  the study and a t 20 m inute intervals for the  following 
five hours. Plasm a glucose, blood alcohol and plasm a im m unoreactive 
insulin were m easured. The procedure and methods are  described in 
C hapter 2. The behaviour of each subject was monitored and any symptom s 
they experienced recorded.
As none of the subjects knew th a t guar gum adversely affected  the 
consistency of the scones they a ttribu ted  the heaviness of the guar gum 
containing scones to poor cooking and thus this tria l could be carried  out 
blind.
Results were analysed using the  methods described in C hapter 2.
6.4 RESULTS
Mean baseline plasm a glucose levels were sim ilar on both occasions 
(3.5 + 0.17 m m ol/L before plain scones and alcohol (PS) and 3.46 + 0.27 
mmol/L before guar scones and alcohol (GS)).
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Following GS the area under the plasm a glucose curve was less than 
following PS (4.18 + 0.15 mmol.L~^min and 4.52 + 0.17 m m ol.L '^m in 
respectively). The mean peak plasm a glucose level was lower a fte r GS 
than PS, but not significantly (Figure 6.1). At no time a fte r eating GS 
however, did plasm a glucose levels fall below baseline values, w hereas, 
a f te r  PS they did, during th e  final hour of the study. In two of the subjects 
the plasm a glucose concentration  reached a nadir of 2.6 mmol/L a fte r PS 
(Figure 6.2). At this tim e both complained of a headache and feeling cold, 
and they becam e sleepy and m orose.
Mean plasm a insulin levels were consistently  lower a f te r  GS than 
a f te r  PS (Figure 6.3). The area under the post prandial plasm a insulin curve 
was 28.3 + 5.4 mU.L“^min a fte r  GS compared to 53.9 + 11.3 mU.L“^min 
a f te r  PS (p < 0.02),
Mean blood alcohol levels rose more rapidly and to a higher level 
a f te r  GS than  PS but the d ifferences were not significant (Figure 6.4).
C lear cu t behavioural changes were observed in two subjects. A fter 
GS both appeared markedly m ore in toxicated  than a f te r  PS i.e . cheerful 
and speaking loudly but not coherently . Their blood alcohol levels were 
higher during th e  firs t two hours a f te r  GS com pared to the sam e tim e a fte r 
PS (Figure 6.5). They rem ained cheerful throughout the five hour period 
following GS, A fter PS one subject becam e m iserable, cold and sleepy 
approxim ately two hours a f te r  the beginning of the meal and this 
corresponded to  his lowest plasm a glucose level. The o ther subject 
developed sim ilar symptoms th ree  and a half hours a f te r  the meal, again 
corresponding to her lowest measured plasma glucose level (Figure 6.2). 
The blood alcohol level was falling a t this tim e in both subjects (Figure 
6.5).
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The rem aining subjects fe lt  mildly intoxicated (i.e. cheerful) during 
th e  firs t two hours of each study but this wore off as they became sleepy 
and progressively more hungry but not uncom fortable. There was no 
d ifference in behaviour of these  four subjects on the two occasions.
6.5 DISCUSSION
In studies sim ilar to the present one symptoms a ttrib u tab le  to 
hypoglycaemia have been found in approxim ately 15% of norm al volunteers 
betw een three to five hours a f te r  ingestion of alcohol and readily 
assimilable carbohydrate (O’K eefe and Marks, 1977), w hereas in this study 
two out of six volunteers (33%) exhibited symptoms of hypoglycaemia. In 
these two subjects, guar gum had a m arked effec t. Incorporated into the 
scones i t  reduced the rebound hypoglycaem ia they experienced during the 
control study (Figure 6.2) and prevented the symptoms a ttrib u tab le  to 
hypoglycaem ia they exhibited concurrently . The blood alcohol levels were 
higher in these subjects a f te r  eating the guar scones and in accordance 
w ith the ir more in toxicated  behaviour. The assessm ent of sym ptom s of 
hypoglycaem ia and in toxication w ere only subjective but they were made 
prior to any blood analyses and there fo re  unbiased.
This e ffec t of guar gum on post prandial blood alcohol levels was 
unexpected. The mean blood alcohol level was initially higher, and 
significantly  so, four hours a f te r  the m eal when guar gum was added to the 
scones. This indicates th a t guar gum fac ilita ted  ra th e r than delayed or 
reduced the absorption of alcohol. There is no obvious explanation for 
these  findings. Guar gum has been hypothesized to delay the  ra te  of 
gastric  emptying but it  has been shown th a t rapid emptying of the stom ach 
prom otes ethanol absorption (Kricka and Clark, 1979) since the  ethanol 
then reaches the  highly absorptive jejunem  and duodenum more quickly.
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These findings cast doubt on the hypothesis of delayed gastric  emptying 
being a mechanism of guar gum action and so this has been investigated  
(C hapters 7 and 8).
Only 10-15% of the population have been reported to suffer from 
sym ptom atic rebound hypoglycaem ia following ingestion of alcohol with a 
high carbohydrate load. In this study the figure was higher (33%). The use 
of guar gum containing nibbles is still however not a viable proposition. 
They are not enjoyable and the people who suffer with alcohol induced 
hypoglycaemia can easily be told th a t if they ea t a meal providing a 
varie ty  of nutrients soon before th e ir intake of alcohol and sucrose they 
can coun terac t the  unpleasant symptoms of rebound/reactive 
hypoglycaemia. Therefore when considering the general public there can 
be no advantage to promoting the  use of guar gum supplem ented foods 
prior to , or in conjunction with imbibing.
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CHAPTER SEVEN
The e ffec t of guar gum on the response 
to oral protein  and/or fa t
- 123 -
7.1 INTRODUCTION
We have previously shown th a t guar gum reduces post prandial 
hyperglycaem ia and plasm a insulin and GIP levels when incorporated into a 
mixed meal (Morgan e t 1979 and C hapter 3) and have postulated th a t 
the reduction in plasm a GIP levels is partially  responsible for the reduction 
in insulin secretion . In addition to its insulin stim ulating properties GIP has 
the ability to inhibit gastric  acid secretion  (Brown e t al. 1975) but the 
e ffec t of guar gum on o ther gastro in testinal hormones which a ffec t gastric  
acid secretion  (gastrin) and m otility  (motilin) has not been studied. It has 
been suggested th a t guar gum may exert its action by delaying the ra te  of 
gastric  emptying (Leeds e t  W. 1975 and Jenkins e t  1978a) and thus, it  
may modify the ra te  of m otilin secre tion . In addition because guar gum 
reduces GIP secretion  and GIP inhibits gastric  acid secretion it may have 
an ind irect e ffe c t on gastrin  re lease . These two hormones are therefore 
w orthy of study.
The ra te  of gastric  em ptying can be measured by a variety  of 
techniques involving the use of radioisotopes which will be described in 
C hapter 8. Holt e t ^  (1979) have shown, however, th a t because 
paracetam ol is absorbed only in the  sm all in testine and not the  stom ach, 
m easurem ent of post prandial serum paracetam ol levels provides an 
assessm ent of the ra te  of liquid gastric  emptying, and they showed th a t 
this method corre la ted  well with sequential scintiscanning techniques using 
^^^In DTP A.
Guar gum has long been known to lower serum cholesterol levels 
when given daily both to patien ts  with hypercholesterolaem ia and subjects
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with plasma cholesterol levels within the normal range (Fahrenbach e t al. 
1965). These findings have been confirm ed many tim es (Jenkins e t 
1975; 1976c; 1977; 1979a; 1980a; Aro e t  W. 1981; Botha e t  W. 1981 and 
C hapter 5), but the mechanism whereby i t  exerts this e ffe c t is not 
established. Three principal m echanism s have been suggested; altered 
in testinal absorption, a ltered  hepatic  m etabolism  and release of cholesterol 
or altered  peripheral m etabolism  of lipoproteins (Anderson and Chen, 
1979). The form ation of a gel in the in testine and colon, due to the 
presence of guar gum may partition  cholesterol in such a way th a t its 
absorption is reduced. In addition, if bile sa lts  are sequestered by guar gum 
and subsequently excre ted  in the  faeces, they are  unavailable for m icelle 
form ation and therefore trig lyceride absorption will be im paired.
The loss of bile sa lts  from  the enterohepatic circulation would 
require diversion of cholesterol for bile acid production and there fo re  less 
would be available for incorporation into lipoproteins and release into the 
venous circu lation . If guar gum lowers serum cholesterol levels by 
sequestering intralum inal bile sa lts  then chylomicron synthesis should be 
diminished and post prandial serum  chylomicron levels reduced. Jenkins 
(1978) has suggested th a t the  rise in serum  trig lyceride levels a fte r a high 
fa t meal parallels chylomicron absorption and therefo re  m easurem ent of 
post prandial serum  trig lyceride levels can be used to give an indication of 
chylomicron absorption. Chylomicron absorption can also be assessed by 
m easurem ent of th e  light sca tte rin g  index (LSI) in plasma which indicates 
the  degree of turbidity of the sam ple.
7.2 AIMS
Previous investigations have centred  prim arily on the e ffe c t of guar 
gum on carbohydrate absorption and m etabolism  and little  work has been
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done on its e ffec t when given with a predominantly protein or fa t  m eal. 
The aims of this study w ere there fo re  tw ofold:-
(1) To study the e f fe c t on gastric  activ ity  and secretion  of 
hormones known to a ffec t it (GIP, gastrin and motilin) of 
addition of guar gum to a predom inantly pro tein  m eal.
(2) To establish w hether guar gum causes sequestering of bile salts 
and th e re fo re  loss of cholesterol from  the body by assessing 
absorption of trig lycerides following an oral fa t load taken with 
and without guar gum.
7.3 METHODS
7.3.1.1. E ffec t of guar gum on response to a predom inantly
protein meal
Seven healthy volunteers age range 25-40 years consumed, w ithin 20 
m inutes on one occasion, 150g lean minced beef providing 30g protein and 
7g fa t,  and on a sim ilar occasion the  sam e meal with 5g guar flour 
in tim ately  incorporated prior to  cooking. The meals w ere taken  in 
conjunction with 300ml w ater and 1.5g paracetam ol (Panadol, Winthrop). 
The subjects fasted overnight prior to each study and were then tre a te d  as 
described in C hapter 2. Blood samples were withdrawn and plasm a 
aliquoted, frozen and stored  a t  -20°C prior to  plasma im m unoreactive 
gastrin , GIP and m otilin analysis. Serum was collected and stored for 
paracetam ol analysis (see C hapter 2). S ta tis tica l analysis was carried  out 
using th e  methods described in C hapter 2.
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7.3.1.2. Buffering capacity  of guar gum
Suspensions containing 0.5% and 1.0% ^ /v  guar flour in 50ml distilled 
w ater were individually ti tra te d  in tr ip lic a te  against a solution of 0.1 M 
hydrochloric acid and com pared with a control of 50ml w ater.
7.3.2. E ffec t of guar gum on response to an oral fa t load
Seven healthy volunteers aged between 19-26 years partic ipated . 
They each consumed, on two occasions, an oral fa t load of 200g double 
cream  providing 96g fa t. It was flavoured with 5g Kool Aid (General Foods 
Company, New York) a so ft drink flavouring with no nutritional value.
On one occasion the fa t  load contained in addition, 6g guar gum 
mixed with gellation inhibitors. To keep the consistency of each fa t load 
sim ilar, the control, (cream  only), was whisked prior to consumption. The 
presence of guar gum could not be masked and so the study could not be 
carried  out blind. P arace tam ol (1.5g) and 300ml w ater w ere consumed 
sim ultaneously with each m eal. The subjects fasted overnight prior to each 
study and w ere trea ted  as described in C hapter 2. The cream  was 
consumed within 20 m inutes.
Blood samples were withdrawn and plasm a aliquoted frozen and 
stored a t -20°C prior to plasm a im m unoreactive GIP and motilin analysis. 
Serum was stored frozen prior to m easurem ent of trig lyceride and 
paracetam ol levels (see C hapter 2).
Light sca tte ring  index
The light sca tte rin g  index of plasm a was measured as an indicator of 
chylom icronaem ia using a Thorpe Nephlom eter (Thorpe Instrum ents, 
Cheshire).
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7.4 RESULTS
7.4.1. E ffect of guar gum on response to a predom inantly protein
m eal.
Guar flour a ffec ted  the consistency of the minced beef and was 
d e tec ted  by all subjects. They found it  unpleasant, not only because it 
made the m eat very dry but because it stuck between the ir te e th . 
However, no abdominal side e ffec ts  w ere experienced by any of the 
subjects.
Mean plasm a GIP levels are shown in Figure 7.1 and mean plasm a 
gastrin  levels following the protein m eal in Figure 7.2.
The addition of guar flour to the pro tein  meal caused a significantly 
diminished mean post prandial GIP secretion  com pared to  the control m eal 
(area under the curve 0-120 min 1744 + 110 pg.m l’^min (control) and 1265 + 
100 pg.m l'^m in (test) (p < 0.05). In co n trast, mean post prandial gastrin  
secretion  was significantly  enhanced by the presence of guar flour in the 
m eal (area under the curve 0-120 min 43 + 11 mU.mE^min and 68 + 14 
m U.m L^m in for control and te s t m eals respectively  (p < 0.05).
P lasm a m otilin levels (Figure 7.3) rose post prandially but mean 
levels w ere sim ilar a f te r  both m eals (basal mean m otilin levels were 108 + 
18ng/L and the  peak m ean level a f te r  the  control meal was 148 + 32 ng/L 
and a f te r  the te s t meal 140 + 22 ng/L (p = n.s.).
Peak circulating levels of paracetam ol occurred 20 m inutes a fte r  the 
s ta r t  of each meal (Figure 7.4) and m ean post prandial levels were sim ilar 
a f te r  each m eal indicating th a t the  ra te  of gastric  emptying was 
unaffected  by the addition of guar flour to the protein meal.
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F igure  7 . 1 . Mean (± SEM) p o s t  prandial  plasma GIP l e v e l s  f o l l o w i n g  
a predom inan t ly  p r o t e i n  meal w i th  and w i th o u t  guar gum in normal
s u b j e c t s  (n = 7 ) .
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F igure  7 . 2  Mean (± SEM) p o s t  p ran d ia l  plasma g a s t r i n  l e v e l s
f o l l o w i n g  a predom inant ly  p r o t e i n  meal w i th  and w i th o u t  
guar gum in normal s u b j e c t s  (n =7 ) .
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F igure  7 . 3  Mean (± SEM) p o s t  prandial  plasma m o t i l i n  l e v e l s  
f o l l o w i n g  a predominantly  p r o t e in  meal w ith  and 
w i t h o u t  guar gum in normal s u b j e c t s  ( n = 7 ) .
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F ig u re  7 . 4  Mean (± SEM) p o s t  prandia l  serum paracetamol  l e v e l s  
f o l l o w i n g  a pred ominant ly  p r o t e i n  meal wi th  and w i th o u t  guar gum 
in normal s u b j e c t s  ( n = 7 ) .
* * # meal a l o n e  ( c o n t r o l ) ;  o - o - o  meal + guar f l o u r .
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7.4.1.2. Buffering capacity  of guar flour
The titra tion  curves of a 0.5% and 1.0% solution of guar flour in 
w ater are shown in Figure 7.5. At both concentrations guar flour exhibited 
a buffering capacity  between pH 5.5 and 2.75.
7.4.2 E ffec t of guar gum on response to an oral fa t load
The double cream  taken without guar gum (control) was to lera ted  by 
all subjects but made four of them  feel slightly nauseated. Three subjects 
suffered abdominal discom fort during the afternoon of the study day. The 
fa t load supplem ented with guar gum (test) was disliked by all subjects. 
One failed to  consume the en tire  m eal and her data has been excluded. 
Within an hour of consuming the  te s t meal another subject experienced 
diarrhoea which persisted  for te n  hours. Three o ther subjects had mild 
diarrhoea la te r  on the sam e day.
Mean plasm a GIP levels (Figure 7.6) rose following oral fa t but were 
sim ilar a fte r  both meals (area under the  curve 0-150 min 1775 + 240 
pg.ml~^min and 1707 + 169 pg .m l'^m in  a fte r  te s t and control m eals 
respectively  (p = n.s.).
Mean plasm a m otilin levels (Figure 7.7) were sim ilarly unaffected . 
They rose from  a mean basal level o f287 ± 86ng/L to  356 _± 141ng/Lafter 
the control and. from,364 ± 104ng/L to  463_± 159ng/Lafter the te s t meal 
(p — n.s.).
Mean serum trig lyceride levels did not rise  significantly from  basal 
levels until an hour a f te r  th e  fa t  load (Figure 7.8) and the area under the 
mean serum trig lyceride curve from  60-150 minutes was not significantly
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F i gure 7 .6 Mean (± SEM) p o s t  p ran d ia l  plasma 6IP l e v e l s  f o l l o w i n g  
a 200g f a t  lo ad  w i th  and w i th o u t  guar gum in normal 
s u b j e c t s  ( n = 6 ) .
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Fi gure  7 . 7  Mean (± SEM) p o s t  pra ndia l  plasma m o t i l i n  l e v e l s
f o l l o w i n g  a 200g f a t  load  w i th  and w i t h o u t  guar gum
in normal s u b j e c t s  (n = 7 ) .
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d ifferen t a f te r  control or te s t occasions (47 + 36 mmol min and 16.4 ± 15
mmol.L ^min respectively?(p = n.s.).
The mean light sca tte ring  index, measured in plasm a following each 
meal was similarly unaffected  by the presence of guar gum (Figure 7.9).
The gastric  em ptying ra te , as assessed by mean serum paracetam ol 
levels (Figure 7.10) was also unaffected  by the addition of guar gum to the 
fa t load.
7.5 DISCUSSION
Addition of guar gum to the pro tein  meal resulted in diminished post 
prandial G P  secretion  but enhanced gastrin  secretion. The mechanism by 
which guar gum exerts this e ffe c t is not c lear. G astrin secretion , which is 
mainly stim ulated  by the products of partia l protein digestion can be 
a ffec ted  by the ra te  of g astric  em ptying and the pH of the gastric  
conten ts. The ra te  of gastric  emptying of the  liquid phase of the protein 
m eal, as assessed by the appearance of paracetam ol in the  circulation, was 
not a ffec ted  by guar gum. The d ifferences in gastrin secretion  cannot 
th e re fo re  be explained in term s of the length  of tim e the stom ach conten ts 
w ere in con tact with the  gastrin  producing (G) cells. Suspensions of guar 
gum in w ater exhibited a significant buffering capacity  above pH 2.75 
suggesting the e ffec t of guar gum on gastrin  secretion  could be due to  its 
buffering capacity . G astrin  re lease  is inhibited by acid acting  d irectly  on 
the  an tra l G cells and a luminal pH of 2,5 suppresses 80% of amino acid 
stim ulated  gastrin  re lease  in man (Walsh and Grossman, 1975). Fasting 
an tra l pH is betw een 1-3 and the  pH rise a fte r  a meal depends on the 
diluting and buffering capacity  of the food, gastric  acid secretion and the 
ra te  of gastric  em ptying. Guar gum may therefo re  raise the post prandial
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pH thus diminishing the contribution of the negative feedback loop in 
inhibiting gastrin release. The modulation of G P  secretion by guar gum 
could provide an a lte rna tive  explanation for the observed d ifferences in 
gastrin  secretion . G IP was initially nam ed for its  capacity  to inhibit 
gastric  acid secretion  (G astric Inhibitory Polypeptide) (Brown and Dryburgh 
1971) and exogenous G P  infusions have been shown to inhibit gastrin 
re lease  (Villar e t al. 1976 and Arnold e t 1978). It is possible th a t the 
a ttenuation  of th e  GIP response caused by addition of guar gum to the meal 
led to an augm ented gastrin  secretion .
Following consumption of the fa t meal the absorption of fa t as 
chylomicrons was unaffected  by the  presence of guar gum as shown by 
m easurem ent of LSI. Mean serum  trig lyceride levels were also sim ilar a f te r  
each m eal. This is not in accordance with Jenkins (1978) who found th a t 
14.5g guar gum added to a lundh te s t meal resulted in serum trig lyceride 
levels significantly higher than the control during the  firs t th ree  hours 
a f te r  the meal. He suggested th a t guar gum may ac t by fac ilita ting  the 
action of bile sa lts  enhancing lym phatic chylomicron flow thus protecting 
the liver from d irec t exposure to free  fa tty  acids for hepatic  cholesterol 
synthesis and reducing the  synthesis of cholesterol. Although this 
hypothesis is feasible, using post prandial triglyceride level m easurem ent 
alone, is a very crude and indirect means of assessing one of many fac to rs  
a ffec ting  cholesterol m etabolism , nam ely, reabsorption of bile salts. The 
mechanisms of action of guar gum in reducing serum cholesterol are  still 
unclear and fu rther work is required to elucidate them .
Mean serum paracetam ol levels were sim ilar a f te r  the fa t m eal 
irrespective of the presence of guar gum. The mean peak levels occurred 
earlie r (20 m inutes post prandially) a f te r  the protein meal than the fa t
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meal (40 m inutes post prandially). This suggests the gastric  emptying ra te  
of the fa t meal was slower than the  protein meal and is consistent with 
previous studies (Hunt and Stubbs, 1975),
Motilin is released in response to oral fa t and protein (Christofides e t 
al. 1979a), and is im plicated in altering the ra te  of gastric  emptying 
(Christofides e t 1979b). In this study guar gum did not a ffe c t the ra te  
of secretion  of m otilin in response to fa t or protein and neither were any 
changes in gastric  em ptying ra te  detec ted .
This work has indicated th a t guar gum, in amounts commonly used in 
human studies, a ffec ts  the secretion  of GIP and gastrin, both of which are 
im plicated in the  control of gastric  acidity . It does not appear to a lte r the 
ra te  of liquid gastric  em ptying but its e ffe c t on gastric  emptying of solids 
should be ascertained.
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CHAPTER EIGHT
The e ffec t of guar gum on the ra te  of gastric emptying in 
healthy human subjects
- 143 -
8.1 INTRODUCTION
It has been suggested th a t the reduction in post prandial 
hyperglycaem ia following a te s t  meal containing guar gum could be due to 
delayed gastric  em ptying, slower movement of glucose to the absorptive 
mucosal surfaces, or both (Jenkins e t  1978a). Although the  hypothesis 
th a t guar gum delays gastric  em ptying has been widely accepted the 
evidence is controversial. The study frequently quoted in support of this 
mechanism of action involved giving pectin  (lOg) as well as guar gum (16g) 
with a liquid glucose load (H olt e t  W. 1979). Although addition of the  fibre 
m ixture significantly delayed liquid gastric  emptying it  is uncertain  
w hether the e ffec t was due to guar gum, pectin or a synergistic action.
The addition of guar gum to  an in tragastric  liquid glucose load has been 
shown to reduce th e  ra te  of gastric  em ptying in ra ts  (Leeds e t  1979 and 
D aum erie and Henquin 1982) and one study has shown liquid gastric  
emptying can be delayed in humans by the addition of guar gum alone to a 
liquid meal (Wilmshurst and Crawley, 1980). However, when this sam e 
m eal was given to pigs, guar gum did not a ffec t the gastric  emptying ra te  
of the dry m a tte r content (Rainbird e t 1984). Other investigations using 
pigs have shown th a t guar gum delays the  emptying of a glucose solution 
but has no e ffec t on the ra te  of gastric  emptying of a so l idmixed meal 
(Rainbird and Low 1983 and Rainbird e t  al. 1983).
Nothing has been reported on the e ffe c t of guar gum on solid gastric  
em ptying in humans and the  reports on liquid gastric  emptying need 
clarifica tion . One of the reasons for the scarcity  of such investigations is 
undoubtedly th e  lack of convenient m ethods for measuring gastric  emptying in 
humans.
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Invasive techniques can be employed in animal studies (Leeds e t al. 
1979 and Low and Rainbird, 1983) but these are undesirable and frequently  
unsuitable for human gastric  emptying ra te  m easurem ent. Nonetheless, a 
common method used in human studies is aspiration of the stom ach 
contents (N utrition Reviews, 1982). It can be used to study liquid gastric 
em ptying but the stress it causes is likely to modify gastric  m otility  and 
secretion  (Bennett and Venables, 1920 and Nagamachi and Taniquichi, 
1975).
Isotopic m ethods have now been employed in human gastric  emptying 
studies (Heading e t 1971; M eyer e t  1976; M acGregor e t  W. 1977; 
Tot hill e t 1978 and Moore e t 1981). The principal advantage of
isotopic over intubation m ethods is the  ability  to non-invasively study 
gastric  emptying of both solid and liquid components of normal meals.
The equipm ent and radioisotopes necessary to employ a dual liquid 
and solid phase isotopic method are expensive and not readily available. 
However, H olt e t  (1979) found a significant positive correlation betw een 
paracetam ol absorption and isotopic m easurem ents of the ra te  of liquid 
gastric  emptying. Thus, by giving paracetam ol with a meal both solid and 
liquid phase emptying can be assessed using only one radioisotope.
G riffiths e t (1968) developed th e  firs t iso topic method which was
claim ed to be capable of quantifying gastric  emptying of solid food. It
depended upon ex ternal gamma counting over the stom ach a fte r  subjects
51were fed scrambled eggs into which Na^ Cr^Oy had been added during 
cooking. The ^^Cr tag  has since been shown to dissociate from the egg and 
so the  validity of counting ^^C r is unsuitable for successive tests  on the 
sam e subject because of its  long half-life (28 days).
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^^'^Technetium  has becom e a popular radionucl id e  - m arker for studying
gastric  em ptying of solids because of its labelling efficiency and short half-
51life (6h). The la t te r  makes it safer than Cr for human studies (Christian 
e t al. 1983). It has been used to label two solids which can be mixed with
a te s t  meal: chicken liver and paper particles. Meyer e t W. (1976)
99m 99mprepared Tc-tagged chicken liver by injecting Tc sulphur colloid
into the wing vein of a live chicken 30 minutes prior to sacrifice . The liver
was then removed, cooked and mixed w ith minced beef or a beef stew .
Although this m ateria l was an ideal solid food m arker, m ost laboratories
cannot cope w ith live chickens and a method using small inert paper
partic les im pregnanted with ^^"^Tc has since been described (Heading e t
al. 1976 and H olt e t 1981). The em ptying patterns of the labelled liver
and paper particles are  sim ilar in normal subjects (H olt e t 1982). Thus
9 mlabelling a meal with Tc by incorporating paper particles would appear 
to be a simple and effective  m ethod for measuring the e ffec t of guar gum 
on gastric  em ptying of a solid m eal.
8.2 AIMS
Due to the widespread belief th a t a mechanism of action of guar gum 
is its ability  to  delay gastric  emptying, despite the paucity of evidence to 
support it, th is study was undertaken. The aim was to  m easure liquid and 
solid gastric  emptying ra te s  in humans following a m eal containing both 
liquids and solids. Having reviewed the lite ra tu re  and the facilities 
available, solid phase emptying was m easured isotopically by incorporating 
^^"^Tc labelled paper partic les into the m eal, and liquid emptying assessed 
from  paracetam ol absorption studies.
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8.3. MATERIALS AND METHODS
The e ffec t on gastric  em ptying ra te  of guar gum incorporation into a
9 9msolid meal was m easured using a gamma cam era and Tc as a solid phase 
m arker. Serum paracetam ol levels w ere measured as an assessm ent of 
liquid gastric  emptying.
8.3.1. Isotope
^^"^Tc was eluted from a Technetium 99m Sterile G enerator supplied
weekly to  St. Luke's H ospital, Guildford, by Amersham International pic,
99mand used to label stannous fluoride. The resulting Tc tin  colloid solution 
was diluted with saline to  a concentration  of approxim ately 750 MBq/ml on 
the  afternoon prior to each study.
F ilte r paper partic les, 3mm in d iam eter were individually im mersed 
in this solution, dried and coated th ree  tim es in a 3% '^/v  solution perspex 
in chloroform . They were dried thoroughly between each coating.
8.3.2. Meal P reparation
Lean beef was purchased in bulk and a fte r  all visible fa t had been 
rem oved it  was minced, divided into 15Gg portions and frozen prior to  use.
Eighteen hours before each study suffic ien t f ilte r  paper particles (30 
- 40), to provide approxim ately 7MBq ^ ^ ^ T c  a t the tim e of consumption, 
w ere uniform ly mixed w ith each defrosted  m eat portion. This was 
achieved by incorporating approxim ately 50 MBq rad ioactiv ity , since 
^^*^Tc has a ha lf-life  of six hours. The te s t m eat portions also had 5g guar 
flour evenly mixed into them  a t th is tim e. The m eat portions w ere 
re frig e ra ted  overnight and cooked on the morning of the study.
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8.3.3. Validation
In order to verify th a t there was no significant elution from the filte r 
paper partic les a labelled m eat portion was chopped into small pieces and 
mixed w ith 0.1 M HCl pH 1.0 for six hours. The supernatant was decanted 
and the  eluted rad ioactiv ity  m easured in a gamma scintillation  counter 
(Wallac 80,000, LKB Instrum ents Ltd). The percentage rad ioactiv ity  eluted 
was calcu la ted , making allowance for radioactive decay and counting 
efficiency.
8.3.4. Clinical Trial
Following an overnight fas t, five male and two fem ale non-obese 
subjects (M etropolitan L ife Insurance Company) age range 21-36 years each 
underw ent two studies of gastric  emptying. The meal consisted of 150g 
lean minced steak , rad ioactively  labelled as described above and 300ml 
w ater. In 200ml of the w ater 1.5g paracetam ol had been dissolved. The 
m eal was identical each tim e ap a rt from  the addition of 5g guar flour 
in tim ately  mixed w ith the beef on one occasion. Subjects were randomly 
se lec ted  to receive th e  plain or guar flour containing m eat during the ir 
firs t study. The presence of guar flour could not be disguised and thus the 
study was not blind.
On the morning of the study the beef was cooked a t 180°C for 20 
m inutes and given to the  subjects, who were asked to  consume the 
paracetam ol solution and w ater evenly throughout the 10 m inute period of 
eating.
G astric emptying was exam ined using an Elscint CEI gamma cam era
with a field view of 280mm diam eter, se t to accept the photons em itted  by 
^^•^Tc with a 140keV cen tre-line  and a 35keV window width. A general
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purpose low energy parallel hole coHim ater was employed. The gam m a
cam era was linked to an Elscint D ycom ette data  processor which was used
for data  acquisition and image analysis. A radioactive cobalt spot m arker 
57( Co=2MBq) was affixed to the base of the xi phi sternum prior to each 
an terio r reading and to an equivalent posterior position prior to each 
posterior reading. The position of this activ ity  was marked on the visual 
display unit. Each subject was in close con tac t with the co llim ater face
during da ta  acquisition and i t  was possible to ensure tha t they did not move 
57by lining up the  Co spot m arker with the cross on the screen and 
observing the visual display unit throughout the recording tim e.
Counts w ere collected for two minutes both anteriorly  and 
posteriorly , five minutes a f te r  the  end of the meal and a t in tervals for up 
to th ree  and a half hours. The images were recorded on to floppy discs for 
fu tu re analysis and photography (see Appendix 1).
Subjects stood in front of the  collim ator during imaging and rem ained 
seated  a t other tim es. They did not consume anything a fte r  the  specified 
m eal and did not smoke throughout the study period.
Blood was withdrawn before and 10, 20, 40, 60, 90 and 120 m inutes 
a fte r  the m eal and serum  separated  for paracetam ol analysis (see C hapter 
2).
The tim e course of solid gastric  emptying was measured by drawing 
two rectangular regions of in te res t. The size and position of the 
rectangu lar boxes used to define the stom ach were chosen a f te r  visual 
exam ination of the  early  im ages and kept constant for both an terio r and 
posterio r counting and for te s t and control m eals for each subject.
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A nterior and posterior counts were corrected  for radioactive decay 
and the geom etric mean of each pair of an terio r and posterior counts 
calculated  because the geom etric mean of counts from opposing views is 
less sensitive to changing source depth. It has been successfully applied to 
many gastric  em ptying studies and is easily determ ined (Christian e t d .
1983).
It was unnecessary to  co rrec t the d a ta  for the very low radiation 
background levels on th e  images since all the activ ity  was present within 
the solid m arkers and not diffused in blood and tissue as in conventional 
nuclear m edicine imaging.
The counts observed a t each imaging in terval were normalised to 
percent of the counts obtained a t m id-m eal tim es, which was assigned a 
100% value. Graphs were plotted for each subject following the te s t and 
control m eal. From these  graphs the  percen t of counts rem aining a t se t 
in tervals a f te r  the mid-meal tim e was read and the mean for all subjects 
calcu la ted  and p lotted . Thus mean half-em ptying time (T i)  of the  solid 
phase, taken to be the tim e a t which 50% of the counts rem ained in the 
stom ach was obtained following both the control and te s t  meals.
Mean serum paracetam ol levels were calculated and com pared to 
provide inform ation on the e ffec t of guar gum on liquid phase gastric  
em ptying as previously described (Holt e t al. 1979).
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8.4 RESULTS
8.4.1. Validation
Following a six hour incubation period of a labelled m eat portion in 
O.IM HCl pH 1.0, less than 4% of the ^^*^Tc counts had entered the  liquid 
phase.
8.4.2. Meal accep tab ility
These subjects, like those involved in the previous study (Chapter 7), 
d e tec ted  the addition of 5g guar flour to 150g lean beef steak and 
com m ented on the unpleasant tex tu re  of the meal during eating and the 
film le f t on th e ir te e th  following consumption. In con trast, the ^^*^Tc 
labelled paper particles were undetectable in e ither m eal.
8.4.3. Solid phase em ptying
The mean gastric  em ptying tim e, expressed as the half-life  (Tg) of 
the  solid phase of the m eal was not significantly affected  by the addition 
of 5g guar flour to the m eat (Figure 8.1). The mean half-life  a f te r  the 
control meal was 100 m inutes and a fte r the meal containing guar gum 103 
m inutes.
8.4.4. Liquid phase em ptying
The ra te  of liquid phase gastric  emptying indicated by the  ra te  of 
paracetam ol absorption was not a ffec ted  by the presence of 5g guar flour 
in the meal.
Mean serum paracetam ol levels following control and te s t meals were 
not significantly d ifferen t during the two hour post prandial period (Figure 
8.2).
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8.5. DISCUSSION
In conjunction with the findings of Meyer e t (1976) in vitro  studies
Q Qnrjshow th a t less than 4% of the  Tc counts entered the  liquid phase. This 
confirm s th a t adding ^ ^ ^ T c  labelied-paper particles to a meal is a valid 
means of m easuring solid phase gastric  emptying. In addition, gastric  
em ptying tim es, expressed as the half-life  (T?) of meal in the stom ach 
were within the range of values calcu la ted  by other workers for sim ilar 
m eals (Harvey e t ai. 1970 and Meyer ^  1983). Therefore the results
reported  can be considered as reliable m easurem ents of the gastric  
em ptying ra te  of solid food.
In order to accu ra te ly  q u an tita te  isotopic gastric  em ptying i t  has 
been found necessary to co rrec t for changes in depth activ ity  due to 
an terio r m ovem ent of the stom ach following ingestion of a meal. 
C orrection can be achieved by calculating the geom etric mean of counts 
from an terio r and posterior images (Tothill ^  al. 1979). This required 
little  ex tra  work or subject cooperation and in order to minimise the e ffec t 
of posture all images were recorded w ith the subject in a standard  upright 
posture, already shown to  be less sensitive to depth activ ity  changes 
(Tothill et 1980).
Low levels of psychological stress have recently  been found not to 
a ffec t gastric  emptying (Cann e t  W. 1983). Nonetheless, to minimise the 
overall e ffec t of any stress  caused by novelty of the procedure during the 
in itia l study, the subjects receiving guar gum on the  firs t occasion were 
random ly se lec ted . There was, however, no apparent e ffe c t of stress on 
either occasion.
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The previously validated methods used in this study for measuring 
solid and liquid phase em ptying showed th a t addition of 5g guar gum to  
150g lean m eat consumed in conjunction with 300 ml w ater had no e ffec t 
on the ra te  of emptying of e ither phase. Although 5g is a sm aller quantity 
than has been added to many te s t meals (Gassull et 1976; Jenkins ^  al. 
1976a and Morgan e t 1979) it was de tec ted  by the subjects. They would 
have been unable to to le ra te  a larger quantity and such a dose is 
rep resen ta tive  of th a t taken with a m eal by subjects on chronic guar gum 
therapy (25g a day divided betw een 3 m eals and 3 snacks). In addition this 
amount has previously been shown to reduce post prandial glycaem ia when 
added to the liquid or solid p art of a mixed meal (Wolever e t 1979a) and 
to modify gastro in testinal hormone secretion  (Chapter 7).
Sm aller doses (2g) when added to a liquid meal have been shown to  
significantly delay gastric  emptying (Wilmshurst and Crawley, 1980). This 
is not surprising because solids leave the stomach more slowly than liquids 
(Thomas, 1957) and addition of just 2g guar gum to a liquid m eal would 
increase its viscosity considerably. These present resu lts, however, 
suggest th a t if solids, as well as liquids, form part of a m eal, the ir presence 
overrides any e ffec t of guar gum on the  ra te  of liquid phase em ptying. It 
could be th a t when guar gum is given as part of the solid phase i t  is 
entrapped in the solid m atrix  until gastric  secretion  and m otility  liquify the 
solid phase. It is not th e re fo re  able to combine with the  liquid phase and 
make i t  viscous until the m ajority  of the liquid phase has le f t  the stom ach 
in its  norm al exponential p a tte rn  (Heading e t  1976). Thus guar gum 
may only be effective  in delaying the gastric  emptying of a liquid meal and 
th is has been substan tia ted  by anim al studies (Rainbird e t  1984). 
Delayed gastric  em ptying cannot be the  only mechanism of action of guar 
gum because it s till m odifies post prandial
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glycaem ia (Leeds e t 1980) and gastro in testinai hormone secretion 
(C hapter 7) in situations w here it  does not a ffec t gastric emptying. Thus 
some other mechanism m ust be of m ajor im portance for its action. 
M alabsorption has been discounted as indicated in C hapter 1 and therefore 
i t  is iikely th a t slower movement of nutrients to the absorptive surfaces of 
the sm all in testine plays a m ajor role in the acute m etabolic e ffec t of guar 
gum.
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CHAPTER NINE
Final Discussion
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9.1 Introduction
This study was in itia ted  because reports of the ability of guar gum to 
modify post prandial glycaem ia, th a t is, to reduce th e  peak levels and 
sm ooth the post prandial plasm a glucose curve as well as to achieve long 
te rm  im provem ent in m etabolic control in diabetics were conflicting. It 
was therefore im portant to find a palatab le  means of providing guar gum 
and establishing its  efficacy in both modifying post prandial plasma glucose 
levels and reducing serum  lipid levels on long term  adm inistration.
The m ajor problem in fu rther studying the effects of guar gum was 
the difficuity  in providing a palatab le  means of incorporating i t  into the 
diet. No m edication or form  of therapy can be successful if patien ts  do not 
comply w ith instructions and therefore one of the firs t objectives of this 
work was to  provide guar gum either as a convenient m edication or in a 
form  which when added to food caused li ttle  or no deterio ration  to 
appearance, tex tu re  or paiatab ility .
9.2 P atien t acceptab ility
Five d ifferen t form s of guar gum have been assessed for paiatab ility  
and/or effectiveness in the described studies; flour, powder, granules, guar 
bread, and guar gum with a gellation inhibitor.
Guar flour and guar powder w ere intended to  be taken in tim ately  
mixed with each m eal. When they w ere used in acu te  studies involving 
liquid glucose or solid mixed m eals they were mixed with the solid and/or 
liquid portion. N either product adversely affected  the accep tab ility  of the 
liquid glucose drink provided it  was consumed quickly but the guar flour 
was the more d ifficu lt to mix into the drink. When the mixed meal was 
given both forms, but especiaiiy the flour, made the tom ato  soup
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distastefu l to the subjects for reasons already illustrated  (Figure 3.12). 
However, when mixed with flour and w ater to  m ake ’bread' both guar flour 
and powder resulted in a heavy but acceptable product.
The e ffec t of guar flour on the paiatability  of several baked products 
proved encouraging (C hapter 4). Without adversely affecting  flavour and 
with only a minor detrim en tal e ffec t on tex tu re , 5g guar flour was added to 
lOg or 20g carbohydrate portions of cheese biscuits, pizza and egg and 
bacon flan. These foods are not, however, suitable to serve a t each m eal 
and such a lim ited selection would not be adequate in the long term . 
C arro ll e t  (1981) provided the ir subjects (6 IDDM) with guar gum and 
instructions on how to incorporate i t  into foods. The subjects added i t  to a 
large number of foods resulting in intakes of guar gum between 6-60g/day.
There are however, problem s in obtaining patien t cooperation in 
respec t to adding guar gum to th e ir  food regularly, as discussed previously 
(C hapter 4), and in these  studies it was considered tha t providing products 
already containing guar gum would be a more rea lis tic  means of 
incorporating i t  into the d ie t.
In the long te rm  study (Chapter 5) 25g guar gum was taken daily by 
each subject in th e  form  of ready made bread. This caused little  ex tra  
work for the subjects but the bread was originally provided as a bread mix 
and had it  not been made up prior to distribution it  is doubtful w hether the 
subjects would have com plied for the whole study period.
A lim ited num ber of prepared foods containing guar gum are  now 
available. Jenkins e t (1978a) have provided crispbreads each containing 
Ig guar gum. Their subjects have eaten  up to 26/day. Although published
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resu lts  of th e ir accep tab ility  are favourable we have found th a t the 
crispbreads are dry and flavourless and eating them  a t each meal proved 
monotonous for the patien t (unpublished observation).
R ecently  two snack bars containing guar gum have been produced by 
a Scandinavian Company and th e ir effectiveness in modifying the post 
prandial plasma glucose, insulin and G P  levels studied in normal healthy 
volunteers (Appendix 2). N either of these snack bars significantly altered  
the post prandial profile com pared with the control bar and although the 
chocolate coated one was judged to lerab le by the subjects they found the 
appearance and tex tu re  of the  non-chocolate coated bar unpleasant. There 
is, the re fo re , s till no palatab le , e ffective  ready to eat food containing guar 
gum available.
As well as d e trac ting  from  the enjoyment of food if guar gum is 
provided in only one food which also has a high carbohydrate conten t 
(bread) or must be eaten  in large quantities (crispbread) patien ts food 
choice may becom e lim ited  leading to a monotonous diet to  which they 
have d ifficulty  adhering. The form ulation and production of one guar 
containing food is th e re fo re  of li tt le  value.
Providing guar gum as a pre-m eal m edication appears to be the best 
m eans from the  point of paiatab ility . Guar granules, stuck between the 
te e th  but were well to lera ted  by all subjects. The guar gum form ulation 
containing the gellation inhibitor was only available tow ards the  end of the 
study period and was used in just one study, mixed with 200g double cream . 
Under these conditions it was de tec ted  and disliked by the subjects but it  
can be adm inistered as a pre-m eal m edication mixed with w ater and drunk. 
Due to the presence of the gellation inhibitor the
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solution does not becom e viscous until a fte r i t  is drunk and is well accepted 
by subjects. In addition i t  has been shown to reduce post prandial 
hyperglycaem ia in healthy subjects following an oral glucose to lerance te s t 
(personal com m unication). It the re fo re  deserves to be fu rth er studied; 
in itially  given prior to a mixed solid meal to diabetic subjects, and, 
depending on results, being used in a long te rm  tria l, given to diabetics 
before all main meals.
9.3 Effectiveness and mechanisms of action of guar gum.
9.3.1. Short term  studies.
The action of guar gum when mixed with a variety  of te s t meals has 
been exam ined here in an a ttem p t to ascertain  its  effectiveness, initially in 
the  short te rm , in view of the  controversy surrounding existing reports. 
The main fea tu res which can be d ifferen tia ted  between various studies are 
the  viscosity of the preparation , w hether the te s t meal was liquid or solid 
and w hether the  subjects w ere normal or diabetic. It is c lear from  these 
resu lts  (Chapter 3) th a t the e ffe c t of guar gum is more marked in the 
d iabetic than norm al population. This is to be expected because norm al 
subjects a re  more capable of regulating th e ir  response to a meal than 
diabetics. It does, however, highlight th e  fac t th a t if any product shows a 
tendency to  reduce post prandial hyperglycaem ia in normal subjects it is 
w orthy of study in tria ls  involving diabetic subjects.
The present studies have shown th a t viscosity plays a ro le  in acu te  
effectiveness of guar gum because guar granules which did not form  a 
viscous solution were ineffective  in reducing post prandial hyperglycaem ia. 
However, guar powder and guar flour both modified post prandial 
hyperglycaem ia despite widely differing viscosity properties (C hapter 3). 
This implies th a t although a c ritica l viscosity a tta inm en t may be
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im portant, viscosity may not be the oniy fac to r contributing to the action 
of guar gum in modifying the  post prandial response. The ability  of guar 
gum to reduce post prandial hyperglycaem ia has previously been shown to  
be re la ted  to some exten t to its hydration properties (Jenkins e t 1977 
and Wolever e t al. 1978a). It has been shown in the present studies 
(C hapter 3) th a t guar gum is more e ffective  in modifying post prandial 
hyperglycaem ia when mixed with a liquid than a solid m eal, which also 
suggests its effectiveness may be due to its ability to increase the viscosity 
of liquids. However, its  effectiveness when mixed with the solid m eal 
could also be explained by its ability to increase the viscosity of the liquid 
portion and perhaps delay gastric  emptying. The role of gastric  emptying 
as a mechanism of guar gum action had not been fully investigated prior to  
the  present studies but it  has already been shown th a t solids leave the 
stom ach more slowly than liquids (Meyer e t W. 1981).
The meal used in the  present short te rm  study and th a t of Morgan e t 
(1979) provided 51% of the carbohydrate in a liquid form (soup and 
milk). Guar gum, by increasing the viscosity of the  liquids could therefo re  
have delayed the gastric  em ptying of half the carbohydrate load. 
Similarly, in the study providing alcohol (Chapter 6) although only 35% of 
the  carbohydrate was in a liquid form , seven of the eight scones were each 
ea ten  in conjunction with 110ml liquid. The guar gum present could have 
hydrated and increased the viscosity of the stomach contents sufficiently  
to  delay gastric  emptying.
Wilmshurst and Craw ley (1980) have shown th a t addition of guar gum 
to a milky drink delays gastric  em ptying in obese humans and Leeds e t  W. 
(1979) also delayed gastric  em ptying in ra ts  by adding guar gum to a 
glucose solution given by orogastric  intubation. D aum erie and Henquin
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(1982) achieved sim iiar resu lts, also in ra ts , and correlated  the delay w ith a 
reduction in post prandial hyperglycaem ia.
The theory of delayed gastric  emptying has been substantiated  by the 
findings of L ev itt e t  (1980) th a t improved glucose to lerance following a 
fibre containing m eal (5g guar gum and 5g pectin) only occurred in NIDDM 
subjects who did not have autonom ic neuropathy (AN) . Since AN produces 
gastric  atony, and thus delayed gastric  emptying, the e ffec t of addition of 
fibre to the meal could have been too small to cause any fu rther delay. It 
is not c lear, however, w hether the delayed gastric  emptying in NIDDM 
subjects w ithout AN was due to  guar gum, pectin  or a synergistic action of 
the two fibres. The sam e problem pertains to the work of H olt e t (1979) 
who used a m ixture of guar gum and pectin .
The lack of e ffec t of guar gum on the ra te  of both liquid and solid 
gastric  emptying found in the present studies can be partly  explained by 
the  com position of the m eals. The f irs t meal was an oral fa t load given in 
th e  form  of double cream . G astric em ptying is known to be delayed by the 
presence of fa t (Hunt and Knox, 1968) and therefore the presence of 6g 
guar gum may not have been su ffic ien t to fu rther delay the gastric  
em ptying of lODg fa t.
The second meal was a solid, predom inantly protein meal, providing 
300ml liquid which did not con tribu te  to  the nutritional value. The guar 
gum present in the meal was probably unavailable for hydration in tim e to 
delay the  gastric  emptying of th e  liquid portion and had no e ffec t on the 
longer tim e which the solid portion took to  em pty.
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Very li t t le  work has been done on the e ffec t of guar gum on the ra te  
of gastric  emptying of mixed liquid and solid meals in humans. Subsequent 
to  the findings reported  here, Ray e t al. (1983) have a ttem pted  to study the 
e ffec t of addition of d ietary  fibre to a mixed meal. Their resu lts, however, 
fail to clarify  the  p ic tu re . In 12 NIDDM subjects they compared the 
response to a non-fibre containing meal given before trea tm en t with the 
response to the same meal supplem ented with 6g guar gum and 3g w heat 
bran given afte r eight weeks on a diet supplem ented with lOg w heat bran 
and 20g guar gum/day. They found a significantly delayed ra te  of both 
liquid and solid gastric  emptying of the  fibre supplem ented m eal. The 
delayed gastric  em ptying did not, however, significantly a ffec t post 
prandial plasma glucose levels. Although the authors suggest th e  lack of 
e ffe c t was due to adm inistration of guar gum in a non-hydrated form 
insufficiently  mixed with the m eal, which was a method previously shown 
to be ineffective by Williams and Jam es (1979a), they fail to explain the 
association between delayed gastric  emptying and lack of e ffec t on post 
prandial plasm a glucose levels. In addition, they make ho allowance for the 
e ffec t of eight weeks d ie tary  suppiem entation with fibre on the results. If 
gastric  em ptying can be a ffec ted  with no e ffec t on post prandial plasm a 
glucose levels the significance of delayed gastric emptying as a mechanism 
of action of guar gum must be questioned.
The lack of e ffec t of guar gum on the ra te  of gastric emptying, found 
in the present studies is supported by th e  work of Rainbird e t (1983 and
1984) and Rainbird and Low (1983) described in the previous chapter. 
However, before delayed gastric  em ptying can be entirely  ruled out a 
fu rth e r study is required involving comparison of the e ffec t on ra te  of 
gastric  em ptying of addition of guar gum to an oral liquid mixed m eal and a 
solid m eal of sim ilar nutritional composition. Post prandial plasma glucose
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and insulin levels should be measured a fte r the four m eals and co rrelated . 
This wouid provide sufficien t evidence to establish the im portance of 
increasing the  viscosity of the liquid portion of a mixed m eal. If this proves 
to be the  main mechanism of guar gum action on post prandial plasma 
glucose levels then its  value in d iabetic therapy is doubtful since few m eals 
are  predom inantly liquid or provide a significant carbohydrate portion in 
liquid form .
Another mechanism for the action of guar gum, th a t of increasing the 
resistance of the mucosal diffusion barrier to  nutrien ts and thus delaying 
absorption, has been proposed (Jenkins e t 1976a) and has been elegantly 
substan tiated  by in vitro work. Johnson and Gee (1980) using everted  gut 
sacs showed th a t in testinal transport of glucose is reduced in the presence 
of guar gum, but not if th e  incubation m edia is shaken causing mucosal 
s tirring . Thus they suggest th a t guar gum in the fluid film  surrounding the 
villi increases its  viscosity thereby thickening it and slowing nu trien t 
diffusion. This data  has been confirm ed in pigs (Rainbird e t 1982). In 
vivo however th e  influence of in testinal m otility  probably diminishes the 
contribution of such an e ffec t.
Many reports in the lite ra tu re  and the present studies suggest tha t 
the  e ffec t of guar gum on the response to  a m eal is predominantly due to  
its ability  to  increase the viscosity of the liquid portion and delay its 
gastric  emptying. Its e ffec t when given with a predominantly solid m eal is 
less obvious. It is more apparent in d iabetic subjects than norm als for 
reasons previously discussed and there fo re  deserves fu rth er study in 
d iabetic  subjects. It is, of course, th e  long term  e ffec t of guar gum on 
m etabolic profile which is of relevance to the general diabetic population.
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9.3.2, Long te rm  studies
(a) E ffect of guar gum on qlycaem ic control
The benefit to  NIDDM subjects of consuming guar gum in th e  long 
term  needs careful evaluation. In the present study (Chapter 5) the e ffec t 
of guar gum on glucose hom eostasis in NIDDM subjects was partially 
favourable in th a t the mean percentage glycosylated haemoglobin fell, 
however fasting plasma glucose levels were unaffected. The patien ts 
would not have willingly continued to consume the guar bread on a regular 
basis and thus any beneficial e ffec t would not have been m aintained.
In C hapter 3, guar granules taken as a pre-m eal m edication were 
ineffective  in reducing post prandial hyperglycaem ia but w ere th e  form  in 
which guar gum consumption was easiest. Recent reports have com e from 
Scandinavia on th e  e ffec ts  of a granulated slow gelling guar gum 
preparation  taken before meals. The form ulation is said to be palatab le  
but reports of its  effectiveness are again conflicting.
Stokholm e t (1981) w ithdrew oral hypoglycaemic therapy from 
th e ir  NIDDM subjects and showed th a t one week's supplem entation of 4g 
th ree  tim es a day significantly  reduced urinary glucose excretion. 
KyllSstinen and Lahikainen (1981) gave 4-6g th ree to four tim es a day to 14 
NIDDM's for two months. They achieved a m oderate im provem ent in 
glycaem ic control in some of the ir subjects. Aro e t (1981) showed th a t 
21g/day in th ree  doses significantly  improved glycaem ic control in nine 
NIDDM's over th ree  months. In a crossover tria l the subjects who began on 
guar gum had a mean plasm a glucose level of 9.4 mmol/L before and a f te r  
the  guar gum supplem entation period and 11.1 mmol/L a fte r  placebo. 
Those who began on placebo f irs t had a mean plasma glucose level of 11.5 
mmol/L which rose to 13.5 mmol/L a fte r  placebo and then fell to 10.7 
mmol/L a fte r guar gum supplem entation.
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Although the authors were very enthusiastic about the ir results this
data  suggests th a t they should have reached the sam e conclusion as
KyllSstinen and Lahikainen (1981), th a t is, th a t d ietary  supplem entation 
with guar gum improves the glycaem ic control of some diabetics but not 
im pressively, and the response varies from one individual to another.
Although long te rm  studies involving dietary supplem entation with 
guar gum have not been impressive with regard to improving glycaem ic 
control in NIDDM subjects this is not the case when the blood lipid profile 
is studied.
(b) E ffect of guar gum on serum lipids
In the present study (C hapter 5) to ta l and LDI_ serum cholesterol
levels were significantly reduced by the  presence of guar gum in the diet 
and this is consistent with o ther studies (Aro e t al. 1981; Botha e t 1981; 
C arro ll e t  1981 and KyllSstinen and Lahikainen, 1981). The e ffec t has 
been shown to be continued when patien ts are m aintained on guar gum for 
more than six months (Jenkins e t  1980c).
More recen tly  the granular form ulation, which can be taken as a 
m edication, has also been shown to reduce blood cholesterol levels in 
hypercholesterolaem ic patien ts (Tuomilehto ^  al. 1983).
The mechanisms of action  of guar gum in reducing th e  blood 
cholesterol level are still not c lear.
In the present study th e  addition of guar gum to a fa t load did not 
cause a reduction in mean post prandial serum  trig lyceride levels, taken as 
an indirect index of assessing bile sa lt reabsorption. It could, however, be
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argued th a t because guar gum is a stabiliser of emulsions (Chapter 1) it  
fac ilita ted  trig lyceride absorption with a lower requirem ent for bile salts. 
This would reduce th e  reabsorption of bile salts, thus increasing th e ir 
faecal loss and the excretion of cholesterol. In support of this, in studies 
w here faecal bile sa lt output has been m easured it has been shown to be 
increased by 70% by the  addition of guar gum to a meal (Jenkins, 1978). In 
order to te s t th is hypothesis, faecal bile salt output would need to^be 
measured in conjunction with serum triglyceride levels following a te st 
meal with and w ithout the addition of guar gum.
9.4. The fu ture of guar gum.
The Scandinavian product shown to be successful in reducing blood 
cholesterol levels when taken as a prem eal m edication, is now available in 
G reat B ritain  (Rybar Company) and may be worthy of investigation. 
However, the side effec ts  of guar gum consumption appear to be common 
to all preparations. These include abdominal distension and fla tu lence, 
which are em barrassing to patien ts  and in many studies cause them  to 
w ithdraw from the tria l.
Throughout this discussion ideas have been put forward for fu rther 
work involving guar gum. Although the use of the  slow gelling 
Scandinavian product may be viable, i t  causes side effec ts  in some patien ts 
and has not been shown to improve glycaem ic control in all diabetics 
(Kyll& tinen and Lahikainen, 1981). It may therefore be of more benefit to 
the  diabetic population to study the ir present d ietary m anagem ent and how 
best th a t can be improved.
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9.5. Improved d iabetic control by dietary  m anagem ent.
At present glucose hom eostasis in diabetics is a ttem pted  using a lOg 
carbohydrate exchange list of foods, the to ta l carbohydrate content of 
each food being used to devise the  exchange list. Evidence is now 
accum ulating th a t equivalent amounts of carbohydrate from d ifferen t 
foods have d ifferen t e ffec ts  on plasma glucose and insulin levels. For 
exam ple, te s t meals consisting of d ifferen t types of complex carbohydrate 
(potato, rice and corn) have been shown to differ widely in the ir e ffec ts  on 
post prandial plasm a glucose and insulin levels (Crapo e t 1977). Potato  
causes a rise in plasma glucose and insulin levels as g reat as an equivalent 
glucose load, in con trast to rice , which elicits a much sm aller response. 
The sam e e ffec t is also seen when th e  foods are  given as part of a mixed 
meal (Coulston e t al. 1980). It is not only the chem ical composition of the 
food but the  physical s ta te  in which it  is consumed th a t appears to be 
im portant. Apple juice e lic its a much g rea ter plasma insulin response than 
th e  equivalent amount of carbohydrate as apple puree or in tac t apple 
(Haber e t W. 1977). In both normal and diabetic subjects carbohydrate 
eaten  as cooked ground rice elicits a plasma glucose, insulin and GIF 
response sim ilar to th a t produced by glucose and significantly higher than 
th a t produced by an equivalent amount of carbohydrate as cooked rice 
grains (Collier and O'Dea. 1982). The post prandial glucose and insulin 
responses to these starches following oral ingestion has been shown to be 
proportional to the ra te  of hydrolysis by pancreatic  am ylase in v itro  (Q'Dea 
e t  1981) and a sim ilar in vivo and in vitro correlation has been found 
using a varie ty  of legumes and cereals (Jenkins e t 1980d and 1982).
Schauberger e t  (1977) and Jenkins e t (1981) have a ttem pted  to  
define a physiological basis for a carbohydrate exchange by devising a
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glycaem ic index of foods expressed as a percentage of the area under the 
plasma glucose response curve when the same amount of carbohydrate is 
taken as glucose. Evidence th a t d a ta  based on m easurem ent of plasma 
glucose levels alone, however, may not provide reliable inform ation about 
the insulin response necessary to  m aintain glucose homeostasis, is provided 
by H aber e t (1977). They found th a t consuming apple juice and in tac t 
apples had a sim ilar e ffec t on plasm a glucose levels but as previously 
m entioned elicited a significantly d ifferen t insulin response.
The glycaem ic e ffe c t of foods is not well docum ented. Much work is 
required not just on the e ffec t of foods taken in isolation but more 
im portantly  on the e ffe c t of com binations of foods since th a t is how they 
are usually ea ten , it appears the re fo re  th a t composition of the diabetic 
d ie t i.e the m ixture of foods consumed, needs careful appraisal.
The quantity and quality of carbohydrate has received much atten tion  
recen tly  from the British D iabetic Association and the ir d ie tary  guidelines 
(1982) have advocated th a t diabetics should increase the  percentage of 
energy derived from carbohydrate a t the expense of fa t, especially 
sa tu ra ted  fa t. Thus the  guidelines are directed towards decreasing serum  
cholesterol levels as well as improving glucose homeostasis. The guidelines 
also stress the im portance of increasing both cereal and vegetable fibre 
intake from  natural sources by taking carbohydrate in an unrefined form .
In geographical areas w here th e  guidelines have been enthusiastically  
followed (even before they were official) results have been encouraging. 
Hockaday e t  al. (1978) showed th a t a high carbohydrate low fa t diet 
reduced serum cholesterol levels in newly diagnosed NIDDM subjects and 
Simpson e t al. (1979) showed th a t a change from the ir normal diabetic diet
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to  this new regim en caused a fall in basal plasma glucose, mean post 
prandial plasm a glucose and percentage of glycosylated haemoglobin over 
six weeks in 14 NIDDM subjects. Fasting serum cholesterol levels also fell. 
Similar success was achieved in 18 NIDDM and 9 IDDM subjects (Simpson 
e t 1981). The diet used was rich in legumes and in the  la tte r  study 
provided 60% energy as carbohydrate and 104g dietary fibre/day. Despite 
encouragem ent and help, including publication of a recipe book (Mann, 
1983) i t  is unlikely th a t patien ts would follow this diet in the long te rm , 
due prim arily to  its monotony. The diet recommended by the British 
D iabetic A ssociation is, how ever, not so ex trem e and they suggest tha t half 
or m ore of the energy should be derived from carbohydrate.
These d ie tary  guidelines devised by the British D iabetic Association 
have supposedly been accep ted  by the whole country but a recen t survey 
indicated tha t they have not been successfully im plem ented (Davies and 
Tredger, 1983; unpublished data). This small pilot study, carried  out in 
conjunction with the British D iabetic Association, centred  on patien ts from 
hospitals in Scotland (Edinburgh), N. England (Bolton), th e  Midlands 
(Birmingham), S.E. England (Cambridge), S.England (Bristol), and Wales 
(West Glamorgan), with a view to  com paring the nutrien t intake of those on 
the new style regim en w ith sex and age matched patien ts on the old sty le 
regim en. The m ost striking observation was th a t although patien ts on the 
new sty le  regim en tended to  have a higher fibre intake (19-42g fibre/day  
com pared with 13-30g fibre/day) none achieved more than 47% intake of 
energy as carbohydrate and 63% of the sample were taking 40% or less 
energy as carbohydrate thus following the old style recom m ended 
proportion.
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D espite the publication of d ietary  guidelines for diabetics by the 
B ritish D iabetic Association th e re  is still insufficient scien tific  evidence to  
s ta te  conclusively what com prises the best d ietary  regim en for d iabetics. 
However, it is obvious th a t the diet should not spoil the patien ts enjoym ent 
of food and for psychological, as well as physical well being, should aim to 
deviate as little  as possible from the dietary advice given to the res t of the 
population. The recen tly  published discussion paper on proposals for 
nutritional guidelines for health  education in G reat Britain (Jam es, 1983) 
is  in accordance with the d ie tary  recom m endations for diabetics (B.D.A., 
1982) and fu tu re work should cen tre  on the effec t of implem enting such a 
d ie t on the m etabolic hom eostasis of diabetics.
The data  presented in this thesis suggest th a t the  use of guar gum in 
the  d ie tary  m anagem ent of d iabetics is of li ttle  practical im portance and 
fu rther work should be directed towards using natural foodstuffs which are 
palatab le  and available to the whole population.
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APPENDIX ONE
A nterior and posterior scans of the abdominal region of one subject 
a f te r  consuming a ^^*^Tc labelled ham burger (see C hapter Eight)
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APPENDIX TWO
Evaluation of the effectiveness of two guar gum containing snack 
bars in modifying the post prandial plasma glucose, insulin and GIP 
response in healthy human subjects
-  191 -
SUBJECTS
Five healthy m ale volunteers aged 22 years within 10% of the ir ideal 
body weight for h e ig h t (M etropolitan Life Insurance Company).
SNACKBARS
Each snack pack contained two bars. The subjects consumed three 
bars on each occasion i.e . one and a half packs. The composition of the 
to ta l snack is provided in Table A2.1.
PROCEDURE
The study was not blind as the subjects could distinguish betw een the 
bars. They each underwent the study on th ree  separate  occasions, a t least 
a week apart and received a d ifferen t type of snack bar each tim e.
The subjects ate  th e ir usual breakfast before 0800h and received the 
snack a t 1300h. Blood was collected according to  the procedure and a t the 
tim es indicated in C hapter 2. Plasm a glucose, im m unoreactive insulin and 
im m unoreactive GIP were measured and s ta tis tic a l analyses carried out as 
previously described in C hapter 2.
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Table A2.1
Composition of the snack taken on each occasion by 5 healthy volunteers
Amount consumed Control choc* Guar containing 
bars choc bars
Guar containing 
non choc bars
Weight (g) 60 60 67
Total carbohydrate(g) 36 36 44
Total available 
energy k J(kca l) 954 (228) 978 (236) 978 (236)
Guar gum (g) - 1.5 1.5
*choc = chocolate coated
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RESULTS 
Plasm a glucose.
Mean baseline plasm a glucose levels were similar on each occasion 
(Figures A2.1 and A2.2). The mean peak plasma glucose level occurred 40 
minutes a fte r consuming the control chocolate coated bars (6.3 mmoi/L) 
and the guar containing chocolate coated bars (5,9 mmol/L) and 20 
m inutes a f te r  consuming the guar containing non-chocolate bars (5.4 
mmol/L).
Mean plasma glucose levels were lower up to 100 minutes a f te r  the 
guar containing non-chocolate bars com pared to the control bars, and then 
higher. This resulted in a sm oother post-prandial plasma glucose curve but 
differences were not significant.
Plasm a insulin
The mean peak plasm a insulin level occurred 40 minutes a f te r  eating 
the snack on each occasion (Figure A2.3) and there  was no significant 
d ifference between them .
Mean plasm a insulin levels were consistently  lower a f te r  guar 
containing non-chocolate bars than a fte r  both control bars and guar 
containing chocolate bars but the d ifferences were not significant.
Plasm a GIP
The mean plasm a GIP levels following each snack are shown in 
Figures A2.4 and A2.5. The presence of guar gum had no significant 
e ffec t.
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F igu re  A2.3 Mean (± SEM) p o s t  prandia l  plasma i n s u l i n  l e v e l s  f o l l o w i n g  
consumption o f  snack bars  in normal s u b j e c t s  (n = 5 ) .
• — • — •  c o n t r o l  c h o c o l a t e  c o a t e d ^ ^  guar c o n t a i n i n g  c h o c o l a t e  c o a t e d ;  
X— X— xguar c o n t a i n i n g  n o n - c h o c o l a t e  c o a t e d .
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Figure A2.4 Mean (± SEM) p o s t  pra ndia l  plasma GIP l e v e l s  f o l l o w i n g  consumption  
o f  snack bars  in normal s u b j e c t s  (n = 5 ) .  
c o n t r o l  c h o c o l a t e  c o a t e d  b a rs ; guar c o n t a i n i n g  c h o c o l a t e  
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F i gure A2 . S  Mean (± SEM) p o s t  prandia l  plasma GIP l e v e l s  f o l l o w i n g  consumption  
o f  snack b a r s .
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DISCUSSION
In healthy human subjects the addition of 0.5g guar gum to a snack 
bar had no significant e ffec t on post prandial plasma glucose, insulin and 
GIP levels when three bars were consumed.
Post prandial plasma glucose and insulin levels were lower following 
the non-chocolate coated guar containing bars than the control bars but 
this was probably due as much to the e ffec t of, the chocolate in the control 
bar as the guar gum in the o ther. C hocolate contains a mixture of 
disaccharides which are  rapidly absorbed and there fo re  likely to increase 
the initial post-prandial rise  in plasm a glucose more than the 
oligosaccharides present in the  non-chocolate containing bar. The sm aller 
differences between the chocolate coated guar and non-guar containing 
bars confirm s this.
Although both types of bar containing guar gum were edible the 
subjects did not like the appearance of the non-chocolate coated one and 
would not have eaten  either on a regular basis.
This study shows th a t, from the point of view of patien t acceptab ility  
and effectiveness in d iabetic  therapy, the re  is no justification  for fu rther 
study of these snack bars.
